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ABSTRACT 
The p r e s e n t s tudy dea l s w i th l i t h o f a c i e s , 
pa l eocur ren t a n a l y s i s , t e x t u r a l and m i n e r a l o g i c a l 
composit ion, provenance, d e p o s i t i o n a l h i s t o r y , 
paleogeography and tectono-sedimentary evolu t ion of the 
Mesozoic Gondwana rocks of Satpura bas in . 
The geology of study area was rechecked and local ly 
remapped and three formations were duly de l inea ted on 
the b a s i s of t h e i r d i s t i n c t l i t h o l o g y , i n t e r -
re la t ionship and s t r u t u r a l se t t ing . The Gondwana rocks 
are here r e p r e s e n t e d by Pachmarhi (Ear ly T r i a s s i c ) , 
Denwa { Middle t o Late T r i a s s i c ) and Bagra (Late 
Jurassic to Early Cretaceous) Formations in ascending 
order. 
A l toge the r f o u r t e e n l i t h o f a c i e s were r ecogn i sed , 
with eight l i t h o f a c i e s in Pachmarhi and Denwa sequence 
and s i x l i t h o f a c i e s in the Bagra Format ion . Each 
l i t h o f a c i e s was desc r ibed for t e x t u r e , sedimentary 
s t ruc ture , morphology, and assoc ia t ion . 
Paleocurrent study of Pachmarhi, Denwa and Bagra 
Formations were undertaken to examine paleodrainage and 
paleoslope p a t t e r n during deposition of each formation. 
The study i s based on 798 readings of cross-bedding 
fo rese t d ip az imuths recorded from Pachmarhi (359), 
Denwa (201) and Bagra (238) sandstones. The azimuthal 
data show that the Pachmarhi and Denwa sediments were 
d e p o s i t e d by r i v e r systems d r a i n i n g uni formly and 
dominantly from southeast to northwest. However, during 
Bagra sedimentation the debr is flows and pa leocur ren ts 
brought in terr igenous debr is and sand from nor th-
nor thwes t to s o u t h - s o u t h e a s t . Thus, t he Bagra 
sedimentation demonstrates a reversa l of paleoslope and 
p a l e o c u r r e n t s in c o n t r a s t t o Pachmarhi and Denwa 
Formations, signifying tha t the sediments of the two 
s e t s of formations, v i z . Pachmarhi and Denwa and those 
of Bagra were derived from di f fe ren t sources s i t u a t e d 
in opposite d i r ec t ions . 
P e t r o g r a p h i c a l l y , f i ve types of s ands tone 
c o n s t i t u t e the Mesozoic Gondwana rocks of the study 
a r e a . They are mainly q u a r t z a r e n i t e , s u b a r k o s e , 
l i t h a r e n i t e , subl i th - a r e n i t e and arkose. Three types 
of d e t r i t a l matrix (or tho- , p ro to - , and pseudomatrix) 
and three types of cementing material ( s i l i c a , i ron 
oxide, and carbonate), l o c a l l y , occupy the pore spaces 
of framework cons t i tuen ts in varying proport ion. Heavy 
mine ra l assemblage i n c l u d e s , commonly t o u r m a l i n e , 
z i rcon, r u t i l e , garnet , kyanite and b i o t i t e in Pachmarhi 
and Denwa Formations. The species present in Bagra 
Formation are e p i d o t e , k y a n i t e , ga rne t , ho rnb lende , 
s i l l i m a n i t e , t ou rma l ine , s p i n e l , b i o t i t e , muscov i t e , 
r u t i l e and a c t i n o l i t e . 
Genera l i sed f a c i e s models provide a b a s i s fo r 
r e c o n s t r u c t i n g the d e p o s i t i o n a l environment of each 
format ion . The Pachmarhi Formation by and l a r g e 
comprises conglomeratic lenses and pebbly, coarse to 
medium gra ined , and p r o f u s e l y c ross -bedded t o 
hor izonta l ly bedded mul t i s to rey sandstone bodies with 
pauci ty of fine e l a s t i c s . This predominantly arenaceous 
assemblage i s evident ly the product of longi tudina l bars 
and local ly d iagona l / t ransverse bars of low s inuos i ty 
braided streams. The unimodal paleocurrent with high 
vector strength (75%) and lower current v a r i a b i l i t y 
(S. D. 47%) sugges t low sinuous sandy s t r eams 
(braided) , akin to P l a t t e - t y p e or broadly speaking 
Saskatchewan-type r i v e r model of Andrew Miall (1977, 
1985) . However, t h e , f i n i n g upward sequence of 
l i t h o f a c i e s and fan-shaped unimodal d i s t r i b u t i o n of 
paleocurrents of the over lying Denwa Formation suggest 
deposi t ion broadly by a meandering r iver system. 
The succeeding Bagra Formation c o n s i s t s of 
matrix-supported conglomerate (Gms-facies) , followed by 
c las t -supported conglomerate (Gm-facies) , pebbly coarse 
sandstone and f i na l l y by mudstone and shale in upper 
p a r t . The t ex tu ra l c h a r a c t e r i s t i c s of poorly sor ted Gms 
f ac i e s , including subangular to angular c l a s t s se t in 
sandy/muddy matrix, suggest i t s deposition by viscous 
debr i s flows in proximal reaches of a l l u v i a l fan c lose 
to margins in the nor th . The assoc ia ted c las t -supported 
conglomerate (Gm) facies occupies medial p a r t of the out 
spreading fans towards south. The d i s t a l f ac ies further 
south i s c h a r a c t e r i s e d by pebbly , c o a r s e t o medium 
gra ined c ros s -bedded sandstone, w i t h t h e over ly ing 
mudstone and shale forming upper p a r t . These characters 
suggest deposi t ion of Bagra Formation as an a l luv ia l 
fan-braided r i v e r complex. 
At l e a s t two major tectonic events s igni fy the 
course of sedimentation of Mesozoic Gondwana rocks in 
the study a rea . The occurrence of conglomerate, pebbly 
g r i t t y coarse sandstone in the basal p a r t of Pachmarhi 
Formation, as agains t the underlying f ine e l a s t i c s of 
the Upper Permian Bi jor i Formation, suggest the f i r s t 
t e c t o n i c event h e r a l d i n g the o n s e t of Pachmarhi 
sedimentation which continued un in t e r rup t ed ly through 
Denwa, in t he subs id ing a l l u v i a l p l a i n s r ec iev ing 
sediments dominantly from southeast of the study area. 
Following a break in sedimentation a f t e r Middle to 
Late Tr iass ic (Denwa), the second major t e c t o n i c event 
i s manifes ted by depos i t i on of La te J u r a s s i c - E a r l y 
Cretaceous Bagra conglomerate and sandstone-shale facies 
in down f a u l t e d graben (? ha l f g raben) along the 
northern margin of the basin. The polymict ic coarse 
c l a s t i c debr is and sandy sediments were derived from 
uplifted highlands to the north and transported 
southward. This tectonic event resulting in the reversal 
of cratonic slope may be related to fragmentation of 
Indian subcontinent from Antartica in the Late 
Jurassic/Early Cretaceous time followed by doming and 
rifting prior to eruption of Deccan Trap. Indeed, Bagra 
sedimentation preceding the eruption of Deccan Traps 
(Paleocene) marks the termination of Gondwana 
sedimentation in this part of Peninsular India. 
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I X 
INTRODUCTION 
OVERVIEW OF GONDWANA BASIN 
The Gondwana rocks of peninsular India occur as 
relatively restricted strips/patches in well defined 
linear basins. These include the well known east-west 
trending Koel-Damodar basin, southeast-northwest 
trending Son-Mahanadi basin and Pranhita-Godavari basin, 
and east-west trending Satpura basin (Fig.lA). 
The Satpura Gondwana basin of central India lies 
south of Narmada alluvium tract of Hoshangabad district 
of Madhya Pradesh (M. P.), and includes the undulating 
terrain of Mahadeva hills of southern Hoshangabad and 
northern Chhindwara around Pachmarhi. Large portion of 
this hilly region to the north of coal-bearing Permian 
"Lower Gondwana" rocks of Pench Valley of Chhindwara 
district and south of Narmada Plain is underlain by a 
thick pile of the Mesozoic "Upper Gondwana"rocks. 
STUDY AREA 
The study area comprising Mesozoic Gondwana rocks of 
Satpura basin, forming the elevated Mahadeva range, was 
selected because of its strategic location in terms of 
geological and topographic setting with underlying 
Permian Lower Gondwana rocks and granitoid basement 
occurring mainly to the south and southeast with small 
isolated patches outcropping also along the northern 
C S Upper Gondwana (Mesozoic) 
(^^ Lower Gondwona (L.Poloeozoic) 
Fig.l A. Map showing distribution of Gondwana basins in Peninsular India. 
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boundary, post-Gondwana Deccan Traps in the southeast, 
and Narmada-Son Lineament and recent alluvium in the 
north. Thus, the Satpura Gondwana basin of peninsular 
India displays a fascinating geological history of 
sedimentary record ranging in age from Permian in the 
south to Triassic through Cretaceous in the north. The 
Lower Gondwana rocks (Permian) of southern part around 
Pench Valley have been widely studied (Shukla and Rai, 
1971; Qidwai, 1972; Casshyap and Qidwai, 1974). However, 
our knowledge of the northerly Mesozoic Gondwana rocks 
of this basin is lacking from sedimentologic, tectonic 
and paleogeographic point of view. 
LOCATION AND ACCESS 
The Satpura basin is located between North Lat. 22*^  
o6' and 22° 28' and East Long. 77° 48' and 78° 53'.Its 
southern boundary runs close to the coalfield belt along 
Pench river near Parasia, whereas the northern boundary 
extending east-west from Narsinghpur to Itarsi runs in 
the proximity of Narmada river. Exceptionally, the 
small outlier of Permian rocks called Mohpani coalfield 
occurs along the northern margin of the basin located in 
the centre of Ranipura reserve forest, some twenty three 
kilometers south of Gadarwara on the Jabalpur-Itarsi 
section of Central Railway in Narsinghpur district, 
Madhya Pradesh. Pachmarhi, a hill station, Matkuli, 
Bagra, Tawa, Piparia e t c . are other important p laces 
which are well connected by road (Fig.l B) . Much of the 
t e r r a i n to the north and northwest of Pachmarhi and eas t 
of Matkuli i s s t e e p l y undu la t i ng , t h i c k l y f o r e s t e d , 
devoid of roads and la rge ly inaccessible . 
TOPOGRAPHY 
The a t t r ac t ive feature of Satpura Gondwana bas in i s 
i t s varied topography with elevated h i l l s and p la teau 
in northwest and cen t ra l pa r t , and low lying undula t ing 
country of Pench va l ley coal basin located to the south 
and a small i s o l a t e d Mohpani c o a l f i e l d in the 
n o r t h e a s t . A schematic geo log ica l s e c t i o n (F ig . 2) 
i l l u s t r a t e s the regional undulating topography across 
the Mahadeva range including s trat igraphy and s t r u c t u r e 
of the Gondwana Supergroup of Satpura basin, from Pench 
v a l l e y in the south through Pachmarhi to the nor th of 
study area. 
The most prominent physiographic f e a t u r e i s 
defined by east-west t rending Mahadeva range loca ted to 
the north of Pench Valley coal basin with conspicuous 
undu la t i ng landforms a re c h a r a c t e r i z e d by e l e v a t e d 
sandstone ridges and plateau interrupted by b a s a l t i c 
t r a p s . The highest par t in whole Satpura range i s 
Mahadeva h i l l . Pachmarhi plateau is about 1200 meters 

above mean sea l eve l , and surrounding peaks are on an 
average about 400 meters. Dhupgarh (1500 meters) i s 
the highest point between the Ni lg i r i in the south India 
and Himalayas in the north. North of Mahadeva range 
shows comparatively level led valleys of r i v e r s Denwa and 
lower Dudhi. Beyond the nor thern margin l i e s the 
extensive p la ins of the Narmada r i ve r . 
All the large r ive r s of the region namely Tawa, 
Denwa, Dudhi and Sitarewa originate in the t r a p plateau 
to the south and southeast with an important subsidiary 
source in the Mahadeva h i l l s , which form an important 
water divide. Most of the r ivers flow northward through 
p r e c i p i t o u s gorges t i l l they reach the p l a i n s of 
Narmada. Among the important r i ve r s , the Tawa flows 
through Hoshangabad in the west, Denwa flows in centra l 
part as a t r i b u t a r y of Tawa, Dudhi and Sitarewa r ivers 
flow northward in to the Narmada val ley in c e n t r a l part 
(Raja Rao, 1983) . 
SCOPE OF THE STUDY 
The p r e s e n t s tudy i s concerned wi th the 
sedimentological invest igat ions of Pachmarhi, Denwa and 
Bagra Formations of Mesozoic Gondwana r o c k s (Upper 
Gondwana) of Satpura Gondwana basin. The study aims at 
examining sedimentary facies, the i r l a t e r a l and v e r t i c a l 
organizations, sandstone petrography, heavy minerals , 
paleocurrent d i spersa l and tectono-sedimentary evolut ion 
e t c . i n three separate areas of Mohpani,Pachmarhi-Matkuli, 
and Bagra-Tawa. Extreme inaccess ib i ly of the western 
pa r t hampered proper coverage and col lec t ion of da ta . 
The f ie ld work was ca r r i ed out during win te rs of 
1992 and 1994 and b r i e f l y in 1995 for f ina l check-up. 
Fie ld work included i d e n t i f i c a t i o n and examination of 
sedimentary facies sys temat ica l ly . The best ava i l ab l e 
outcrop sections were measured and drawn for fac ies 
ana lys i s . The paleocurrent data obtained from primary 
d i r e c t i o n a l s t r u c t u r e s were recorded and some 100 
s u i t a b l e rock specimens c o l l e c t e d for t e x t u r a l and 
petrographic analyses. 
Integrated r e s u l t s from facies analys is , paleoflow 
and pa leodra inage , t e x t u r e and pe t rography would 
p rov ide adequate ev idence for r e c o n s t r u c t i n g the 
sed imenta t ion h i s t o r y , bas in c o n f i g u r a t i o n , 
paleogeography and t ec ton ic s e t t i ng during depos i t ion of 
Mesozoic Gondwana rocks of Satpura basin of c en t r a l 
India . 
CHAPTER-I 
GEOLOGICAL SETTING 
PREVIOUS WORK 
The Satpura Gondwana Basin of c e n t r a l India extends 
eastwest t o the north of Pranhita-Godavari Basin of 
sou th -cen t ra l India. The Gondwana rocks of th i s basin 
have been the focus of a t t en t i on s ince the middle of 
n i n e t e e n t h c e n t u r y with t he d i s c o v e r y of coal i n 
S i ta rewa r i v e r eas t of Mohpani v i l l a g e a t t he 
nor theas te rn margin of Satpura basin (Blanford et a l . , 
1856; Fedden, 1874; F iesman te l , 1879) . Subsequent ly, 
Crookshank (1936) c a r r i e d out d e t a i l e d geo log ica l 
i n v e s t i g a t i o n of Gondwana rocks and brought out a 
comprehensive geo log ica l map of t h e e n t i r e Satpura 
bas in . However, our present knowledge of the geology and 
s t r a t i g r a p h y of Satpura b a s i n i s based a f t e r t he 
monumental publ ica t ion of Geological Survey of India by 
Pascoe (1959) . Sedimento logica l s t u d i e s have been 
ca r r i ed out during the l a s t th ree decades mostly on the 
Lower Gondwana rocks p a r t i c u l a r l y t h e Ta lch i r and 
Barakar Formations (Shukla and Rai, 1971; Qidwai, 1972; 
Casshyap and Qidwai, 1974) , and a few s tudies of the 
Upper Gondwana rocks of Pachmarhi (Verma, 1971) and 
l a t e l y on the Bagra Formation (Casshyap e t a l . 1993a). 
Bordered by vast exposures of Paleocene Deccan Traps 
in the sou theas t , much of the Mesozoic Gondwana rocks of 
study area ev ident ly occur as a vas t i n l i e r exposed by 
erosion of bedded volcanics of Deccan Traps (Fig. 3 ) . 
STRATIGRAPHIC CLASSIFICATION 
Although the term 'Gondwana' was in t roduced i n 
geology by Medlicott (1872) a f t e r the erstwhile Gond 
kingdom in Madhya Pradesh , c e n t r a l I nd i a , t h e 
s t r a t o t y p e , however, was e r e c t e d l a rge ly in a r e a s 
outs ide Madhya Pradesh (cent ra l India) . Since then 
the re have been attempts ( Fox, 1931; Roychowdhury e t 
a l . , 1973) to expand and review the Indian Gondwana 
s t r a t ig raphy and s t r a t i g r aph ic terms. Subsequently, the 
s t r a t i g r a p h i c s tandardizat ion was put into p rac t i ce by 
adoptat ion of a "code"by the Committee on S t ra t ig raphic 
Nomenclature of India (Geol. Surv. India, Mies. Pub., 
No. 20, 1971) . The code was used with the agreement of 
" S t r a t i g r a p h i c Guide" proposed by I n t e r n a t i o n a l 
Subcommission on S t ra t ig raph ic Class i f ica t ion (ISSC) 
in 1972. 
The Gondwana sequence (6000 to 7000 m) of India has 
been c l a s s i f i e d i n t o 'Lower Gondwana' (Permian) and 
'Upper Gondwana' (Mesozoic) based on flora and fauna 
fo l lowing Fox (1931). The Lower Gondwana rocks a re 
c h a r a c t e r i s e d by Glossopte r i s -Gangamopter i s f l o r a 
whereas the Upper Gondwana i s c h a r a c t e r i s e d by 
Lepidopteris-Dicrodium and Ptil lophyllum f lora (Ghosh 
and Mitra, 1970; Acharyya e t a l . , 1977; Sastry et a l . , 
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1979) . Gondwana geology of the area including the Late 
Paleozoic Lower Gondwana rocks of southern part and 
Mesozoic Upper Gondwana rocks has been summarised by 
Crookshank (1936), Pascoe (1959) and Raja Rao (1983). A 
generalised stratigraphic sequence of Satpura Gondwana 
is given in Table 1, and a simplified geological map is 
represented in Figure 3. 
The lower most Talchir Formation { Basal Permian) of 
the Gondwana sequence is widely exposed in the Pench 
Valley coal basin in the southern part. The overlying 
Barakar coal measures (Lower Permian) likewise occur 
mainly in the southern part and locally in Mohpani 
coalfield in the northeast. The succeeding Motur 
Formation (Middle Permian) considered as equivalent to 
Barren Measure of the type area (Koel-Damodar basin) , 
and Bijori (Late Permian) tentatively correlated with 
the Raniganj Formation of other basins and coal bearing 
member of Kamthi Formation of Godavari Valley, outcrop 
in the southern part of Satpura basin. 
The Pachmarhi Formation (Early Triassic) 
representing lower unit of the Upper Gondwana sequence 
outcrops from east to west and in the central part as 
scarp sandstone forming lofty hills and plateau. The 
Denwa Formation (Middle to Late Triassic) occurs as 
lensoid body northward whereas the succeeding Bagra 
Table 1 . Gondwana s t r a t i g r a p h y of S a t p u r a B a s i n 
(Based on Raja Rao, 1983; Casshyap e t a l . , 1993a) . 
Geological 
Time 
Formation ;^proximate Sedimentary Cha rac t e r s 
Thickness 
Paleocene 
Early Cretaceous 
Deccan Trap 
Jabalpur 100 m P e b b l y , g r i t t y , v e r y coarse , 
c o a r s e t o medium g r a i n e d , 
c ross -bedded Seuidstone; t h i n 
t o modera te ly t h i c k beds of red 
and g rey s h a l e . 
Late J u r a s s i c -
Ear ly Cretaceous Bagra 300 m Matrix to clast-supported 
massive to bedded conglomerate; 
overlain by very coarse, 
coarse to medium grained cross 
-bedded seuidstone, and red to 
purple shale. 
Non-deposition/Erosion/Deformation 
Middle-Late 
Triassic 
Early Triassic 
Denwa 250 m 
Pachmarhi 750 m 
Late Permian 
Interbedded sequence of 
coarse to medium and fine 
grained cross-bedded sandstone 
and red shale. 
Pebbly, gritty, very coarse 
to coarse and medium grained 
cross-bedded sandstone. 
Associated shale beds are 
thin and impersistent. 
Disconformity/Unconformity 
Bijori 200 m Coarse to medium grained, 
cross-bedded sandstone; 
interbedded fine sandstone 
and shale. 
Middle Permian Motur 600 m Coarse t o medium grained 
c ross -bedded , o c c a s i o n a l l y 
massive s a n d s t o n e . Interbedded 
f i ne s a n d s t o n e - s h a l e . 
Ear ly Permieui Barakar 300 m Very coarse to coarse and 
medium grained, cross-bedded 
sandstone; interbedded fine 
sandstone-shale and coal. 
Basal Permian Talchir 450 m Massive to stratified tillite; 
massive conglomerate; varves 
with dropstones; coarse to 
medium cross-bedded sandstone, 
and laminated green shale. 
Precambrian 
Unconformity-
Basement Gneisses, Schist, Quartzites etc. 
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Formation (Late J u r a s s i c -Early Cretaceous) occurs along 
the northern margin of the Satpura basin (Fig. 3) . Early 
workers v i s u a l i s e d t h e Bagra Formation as of Late 
Tr iass ic age based on in te r f inger ing r e l a t i o n s h i p with 
Denwa Formation of Middle to Late Tr iass ic (Crookshank, 
1936; Sas t ry e t a l . , 1977) . Recent s t u d i e s have 
demonstrated tha t the Bagra Formation evident ly over laps 
almost a l l the underlying Permian-Triassic l i t h o - u n i t s 
and i n d i c a t e a p o s t Denwa break in s e d i m e n t a t i o n 
(Casshyap e t a l . , 1993a) . The uppermost J a b a l p u r 
Formation outcrops only in north-eastern p a r t of the 
basin and fur ther eas t in Son basin. The Mesozoic 
Gondwana sequence r e p r e s e n t s about 3000 m c l a s t i c 
sediments (Table-1) . 
The regional s t r i k e of the Pachmarhi and Denwa by 
and large i s eastwest with low dips (-10*^) d i r ec t ed 
towards north. However, a reversa l of dips towards south 
i s noted along the nor thern boundary of the Bagra 
rocks . S t ruc tura l ly , the basin represents a half graben 
bounded in the nor th by prominent eas t -nor theas t west-
southwest f a u l t which runs almost p a r a l l e l t o the 
Narmada- Son Lineament Zone. 
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PRECAMBRIAN BASEMENT 
The Precambrian rocks outcropping along the southern 
margin and towards southeast comprise g r a n i t e , gneiss , 
hornblende s c h i s t , mica schis t , q u a r t z i t e , limestone, 
pegmetite and quar tz veins . On the nor thern margin of 
the basin several exposures of basement rocks a re found 
along the edge of the Narmada alluvium, comprising of 
g r a n i t e , g n e i s s , c a l ca r eous metasediment and banded 
hematite q u a r t z i t e . 
LOWER 60NDWANA 
Ta lch ir Formation 
The Talchir Formation was named by Blanford e t a l . , 
(1856) a f t e r the former Talchir s t a t e in Or i s sa , where 
these rocks were f i r s t described in d e t a i l . I t comprises 
t i l l i t e , conglomerate, ol ive green sandstone and shale 
inc luding sands tone and rhythmic a l t e r n a t i o n of 
sandstone and sha l e . 
The Talchir rocks occur as continuous s t r e t c h in 
southern par t of the basin. Discontinuous pa tches also 
crop out along the northern margin of the s tudy area, 
south of Pipar ia and east of Got i tor ia . Here t he base i s 
defined by a t i l l i t e comprising d i spersed c l a s t s of 
q u a r t z i t e , j a s p e r , g r a n i t e , ho rnb lende s c h i s t , 
amphibolite, banded jasper qua r t z i t e , mica s c h i s t and 
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phyllite. The Talchir Formation attains a maximum 
thickness of 400 m in the southern part of the basin. 
Barakar Formation 
The lower coal measures of the Damuda Group referred 
to as the Barakar Formation overlies the Talchir 
Formation and outcrops extensively in the southern part 
including Pathakhera and Pench valley coalfields. As 
elsewhere, it is characterized by pebbly, coarse to 
medium grained, cross-bedded and horizontal bedded 
feldspathic sandstone, pebble beds, carbonaceous shale, 
fire clay and coal seams (Crookshank, 1936; Raja Rao, 
1983) . The formation shows wide lateral variation in 
thickness, attaining a maximum thickness of about 300 m 
in Pathakhera coalfield. Progressive reduction in 
thickness has been recorded both to the east and west of 
Pathakhera. Over the major part of the Pench Valley 
coalfield it maintains more or less similar thickness 
except at the eastern extremity around Sirgora, where an 
attenuated thickness of 78 to 125 m has been recorded 
(Raja Rao, 1983) . 
In the study area the exposure of Barakar Formation 
is encountered only in the Mohpani- Gotitoria area along 
the northern periphery of Satpura basin. 
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Motur Formation 
The Motur Formation was named by Medlicott (1873, 
p. 161) from the village Motur on the main Satpura 
plateau. The formation consists of thick coarse, soft 
earthy, grey and brown sandstone with lenticles of clay 
and shale. The clays of Motur Formation are calcareous 
and when unweathered, are buff to pale green in colour, 
but near the surface it becomes mottled and red. This 
formation overlies the Barakar Formation with a 
gradational contact and considered as equivalent to 
Barren Measure of the type area in Raniganj coalfield of 
Koel-Damodar basin of Bihar and West Bengal. Total 
thickness of the formation is about 750 m (Raja Rao, 
1983) . 
Bijori Formation 
The Bijori Formation, 200 m thick, lies conformably 
above the Motur Formation. It has been considered as the 
stratigraphic equivalent of the Raniganj Formation of 
eastern India and assigned to the Late Permian age. 
It is essentially composed of coarse to medium 
sandstone, interbedded fine sandstone-shales and 
mudstone/shale in varying proportion. Lithologically, 
it varies from place to place. In the east, it is 
represented by. olive and buff clay shale 
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alternating with argillaceous sandstone and a few 
carbonaceous bands, whereas in the central part 
sandstone and carbonaceous shale are dominant with thin 
bands of coal and carbonaceous facies occurring 
frequently in the upper part. 
UPPER 60NDWANA 
Pachmarhi Formation 
The Pachmarhi Formation, named after a well known 
hill-station situated in Madhya Pradesh is about 800 m 
thick and has been considered to overlie the Bijori 
Formation disconformably (Crookshank, 1936; Pascoe, 
1959; Raja Rao, 1983; Casshyap et al., 1993a). It has 
been assigned an Early Triassic age on the basis of its 
conformable stratlgraphic relationship with the 
overlying Denwa Formation (Raja Rao, 1983; Casshyap et 
al. , 1993a). It is dominantly arenaceous and 
consequently referred to as 'Pachmarhi Sandstone' in the 
literature (Pascoe, 1959) . The Mahadeva hill forms the 
> 
type area of the Pachmarhi Formation. The sandstones 
occupy high ranges of hills and often weather into 
vertical scarps of great height, and these conspicuous 
cliffs contrast strongly with the black precipices of 
Deccan Traps and rounded irregular masses of the more 
granitoid metamorphic rocks. 
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The Pachmarhi Formation i s often cha rac te r i zed by 
presence of i ron i n f i l t r a t i o n s which weather out in the 
form of ferrugineuos s l abs , often of f a n t a s t i c shape. 
Fragments of these ferrugineous bands are occas iona l ly 
found scat tered in varying quant i t ies over the outcrop 
surface. At p laces impregnation of iron i s confined to 
pipes or nodules resembling those of Kamthi rocks . The 
presence of t h e s e f e r rug inous p a r t i n g s as we l l as 
paucity of j a sper pebbles dist inguishes t h i s formation 
from the underlying Bi jo r i Formation. 
The Pachmarhi Sandstones are pebbly, g r i t t y t o very 
coarse and coarse to medium grained occurring as channel 
shaped m u l t i s t o r e y bod ies of 14-20 m t h i c k . The 
sandstones are profusely cross-bedded with in te rbeds of 
horizontal bedded sandstone. Most of these channel l ike 
bodies enclose - . 5 - 1 m thick massive pebbly sandstone 
on an e r o s i o n a l b a s e . The pebbles a r e g e n e r a l l y 
subrounded, subangular, to angular quartz and q u a r t z i t e . 
Denwa Formation 
The name Denwa was given by Medlicott (1873, p . 153) 
to the l e n t i c u l a r un i t characterised by red c lays and 
subordinate yellow sandstones in the Denwa r i v e r , north 
of Pachmarhi. 
16 
The formation cons i s t s of interbedded sequence of 
coarse, medium to f ine grained cross-bedded sandstone 
and red sha l e / c l ay . The clays are ca l ca reous , contain 
calcareous nodules. Buff coloured c lays a re more common, 
pa r t i cu l a r l y along the boundary with Pachmarhi; mottled 
red and white, and green colours are a l s o found. As a 
whole the Denwa sandstones are l e s s massive and much 
softer than the t y p i c a l Pachmarhi sands tones . 
Bagra Formation 
The Bagra Formation overlying the Denwa Formation i s 
named by Medlicott (1873) af ter the old f o r t a t Bagra at 
the mouth of Tawa gorge near Bagra ra i lway s t a t i o n . 
The Bagra Formation i s e s s e n t i a l l y coarse 
conglomeratic un i t deposited loca l ly along the northern 
par ts of the Satpura basin. The formation comprises 
conglomerate, sandstone and variegated s h a l e . The coarse 
c o n s t i t u e n t s of conglomerate a r e o f t e n a n g u l a r to 
subrounded and v a r y in s i ze from smal l pebb l e s to 
boulders. They are held together by matr ix which i s 
u sua l l y s a n d y / a r g i l l a c e o u s . C o m p o s i t i o n a l l y the 
conglomerates are polymictic comprising red q u a r t z i t e , 
green p h y l l i t e , r ed j a s p e r , g r a n i t e s , b a s i c igneous 
rocks and vein q u a r t z . 
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The formation is well exposed in Sitarewa river 
section near Mohpani coalfield, where it lies faulted 
against the Early Permian Talchir/Barakar rocks. 
Jabalpur Formation (Early Cretaceous) 
The Jabalpur Formation named after the town 
Jabalpur by Oldham (1861) is considered as the youngest 
Gondwana formation of Satpura basin. It is exposed in 
small patches northeastern part of the basin and more so 
farther east of the study area. 
The formation consists of massive sandstone, jasper 
bearing conglomerate, soft white clays. The basal beds 
are often conglomeratic. Total thickness of the 
formation as about 100 m. 
Deccan Trap (Paleocene) 
The Deccan Trap covers a large tract of Madhya 
Pradesh including the Gondwana rocks of Satpura basin, 
occurring as flows, sills and dykes. Usually the 
boundary of the flows is sinuous roughly following the 
contours of the hill. The trap rock is fine grained, 
jointed basalt. Most of the sills and dykes occur in 
shale and fissile rocks of Bijori, Pachmarhi, Denwa, 
Bagra and Jabalpur Formations. 
CHAPTER-II 
LITHOFACIES OF PACHMARHI AND DENWA FORMATIONS 
GENERAL REMARKS 
The term ' f ac ies 'was f i r s t introduced in geology by 
Swiss geologist Amand Gressely (1838). Since then, the 
term facies i s used in many different ways within the 
r e s t r i c t ed subject area of sedimentology. Moreover, the 
meaning of the term fac ies has changed considerably over 
the years (Moore, 1949; Teichert, 1958; Krumbein and 
Sloss, 1963; Reading, 1978b; Miall, 1978; 1980; 1985; 
1988; 1991;). An individual l i thofacies i s a rock un i t 
defined on the b a s i s of i t s d i s t i n c t i v e l i t h o l o g i c 
f ea tu r e s i n c l u d i n g composi t ion, g ra in s i z e , bedding 
characters , and sedimentary s t ructures . Each l i t h o f a c i e s 
represents an individual depositional event (Reading, 
1986, p . 4) . However, c o l l e c t i v e l y , a sequence of 
l i thofac ies can be grouped into l i thofac ies a s soc ia t ion 
or assemblage, tha t i s thought to have been formed 
under a broadly s imi la r deposit ional environment such as 
she l f carbonate f a c i e s or f l u v i a l f a c i e s e t c . 
encompassing a wide range of d e p o s i t i o n a l p r o c e s s e s 
(Walker, 1984; Reading, 1986; Mial l , 1988) . These 
assemblages form the b a s i s for def in ing l i t h o f a c i e s 
models. 
A facies model i s considered as an i n t e r p r e t a t i v e 
device in o rde r to exp l a in the observed f a c i e s 
a s s o c i a t i o n (Walker, 1984) . The model concept was 
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developed f i r s t to explain a s ing le s t r a t i g r aph ic un i t , 
fol lowed by s imi l a r s t u d i e s in o r d e r to de r ive 
g e n e r a l i z e d model as a g e n e r a l summary of s p e c i f i c 
sed imentary environments, u s a b l e as a norm for 
environment and hydrodynamical i n t e r p r e t a t i o n , and as a 
p r e d i c t i v e framework for r e c o n s t r u c t i n g d e p o s i t i o n a l 
processes and depositional model on a broader scale . As 
of today, the concept of f a d e s model has been the most 
powerful and successful tool devised by sedimentologists 
for c lass i fy ing and explaining ancient sediments. The 
bas i s of each facies model v a r i e s widely, some are based 
on su r face gebmorphological o b s e r v a t i o n (e .g . d e l t a 
fac ies models of Coleman and Wright, 1975; Galloway, 
1975; braided r iver model of Mial l , 1977), others on 
d i s t i n c t i v e su i t e of sedimentary s t r u c t u r e s ( tu rb id i te 
model of Bouma, 1982; Hummocky c r o s s - s t r a t i f i c a t i o n 
model of Dott and Bourgeois, 1982) . 
Keeping above a s p e c t s in mind, the Mesozoic 
Gondwana rocks of Satpura bas in were examined at various 
access ib le outcrops during the course of fieldwork, and 
the fo l lowing data were c o l l e c t e d in respec t of 
sedimentary facies of each formation. 
1. Ident i fying sedimentary fac ies on the basis of 
colour, grain size and sedimentary s t ruc tu res . 
2. Examining each facies in terms of i t s geometry, 
sedimentary charac ters , and contact between them. 
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and sketching the sequences t o scale in d e t a i l , 
wherever needed. 
The s tudy aims a t a n a l y s i n g the s a l i e n t 
s e d i m e n t o l o g i c a l f e a t u r e s , v e r t i c a l r e l a t i o n s h i p , 
a s s o c i a t i o n of each f a c i e s and i n t e r p r e t i n g t h e i r 
genet ic implications individual ly and co l l ec t ive ly on 
the bas i s of above aspects. 
LITHOFACIES DESCRIPTION 
The Pachmarhi, Denwa and Bagra Formations were 
examined in respec t of t h e i r l i t h o f a c i e s . These 
l i t h o f a c i e s were named and coded ind iv idua l ly following 
modified scheme of Miall (1978). The l i thofac ies code 
cons i s t s of two pa r t s ; a cap i t a l l e t t e r for modal gra in 
s ize l i k e C, conglomerate; S, sand; F, f ine and a lower 
case l e t t e r chosen as a mnemonic of d i s t i n c t i v e 
s t ruc tu re of each l i thofac ies l i k e p , planar cross-
bedded; t , trough cross-bedded e t c . 
O v e r a l l , e igh t l i t h o f a c i e s were recognized in 
Pachmarhi and Denwa Format ions . Based on r e l a t i v e 
abundance they are described as fo l lows. However, the 
overlying Bagra Formation exh ib i t s somewhat d i s t i n c t i v e 
l i t h o f a c i e s assemblages, and t h e s e a re desc r ibed 
separa te ly in Chapter I I I . The code and descr ipt ion of 
each l i t h o f a c i e s are given below : 
Fades Code 
Sandstone 
(i) Sp 
( i i ) St 
( i i i ) Sh 
(iv) Sm 
(v) Pb-s 
(vi) Sr 
Fine e l a s t i c s 
(v i i ) Fl 
( v i i i ) Fm 
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Description 
Planar cross-bedded sandstone 
f a d e s . 
Trough cross-bedded sandstone 
f a d e s . 
Hor izonta l ly bedded to g e n t l y 
i n c l i n e d sandstone f a c i e s . 
Massive to fa in t ly cross-bedded 
sandstone facies . 
Pebbly sandstone f ac i e s . 
Small sca le- r ippled f i ne -g ra ined 
sandstone facies . 
Laminated to r ipple- laminated 
s i l t s t o n e / s h a l e f ac ies . 
Muddy shale/carbonaceuos s h a l e 
f a c i e s . 
Planar Cross-bedded Seuidstone Facies (Sp) 
This facies i s coarse t o medium grained and l o c a l l y 
contains pebbles d i spersed along bedding planes and 
fo rese t s (Plate-IA) . The sandstone i s white to d i r t y 
whi te , and buff to brownish in colour on ou tc rops .Cross -
PLATE-IA. Field photograph of large scale sets of planar cross-bedded 
sandstone facies (Sp); lower set (~2.5 m thick) intersected by 
reactivation surface. Pachmarhi Formation; 3 km north of 
Singanama on Matkuli- Pachmarhi road. 
B. Field photograph of planar cross-bedded sandstone facies (Sp) 
showing upward decrease in scale (thickness) of individual sets in 
lower unit; note dispersed pebbles along bedding plane and 
foresets. Pachmarhi Formation; 4 km south of Pachmarhi town 
(hammer 30 cm). 
PLATE! 
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bedding foreset in t h i s sandstone facies are t y p i c a l l y 
p lanar / tabular , occurr ing commonly in cosets (Plate-IB) 
and occasionally in s i ng l e s e t s . Importantly, the p lanar 
c ross-bedding i s wide ly developed in the Pachmarhi 
Sandstone, and l e s s so in Denwa. The th ickness of each 
cross-bedded se t ranges from 10-40 centimeters and in 
places even a meter or so . The lower bounding surfaces 
of cross-bedded sequence are uneven to even, subae r i a l 
erosional of subaqueous l o c a l l y marked by a t h i n (4-6 
cm thick) fine pebbly conglomerate (Plate-2A) . So a l so 
the upper bounding surfaces of cross-bedded s e t s may 
exhibi t uneven r e a c t i v a t i o n surfaces, implying eros ion 
of migrating bars/sandwaves loca l ly . The p l ana r c ross -
bedding s e t s r e s t on t h i n l enses of g r a v e l s or 
conglomerate and pass l a t e r a l l y into trough cross-bedded 
(S t ) / massive sandstone (Sm) . I t i s observed t h a t within 
t he f o r e s e t s , t h e o r i e n t a t i o n of p e b b l e s v a r i e s 
considerably, depending on the pebble p o s i t i o n in the 
c r o s s - b e d s . Along t h e f o r e s e t s , the d i p of the 
intermediate ax i s of pebbles i s pa ra l l e l t o the d ip of 
the foreset . The p lanar cross-bedded fac ies s e t s are 
o f t en succeeded by t r o u g h cross-bedded f a c i e s . This 
occurs in varying propor t ion throughout the s tudy a rea . 
The deposi t ion of p lanar cross-bedded (Sp) fac ies 
has been a t t r i b u t e d t o down cu r ren t m i g r a t i o n of 
subaqueous sandwaves (Harms and Fahnestock, 1965; Harms 
PLATE-2A. Photograph of a multistorey sandstone bodies comprising planar 
cross-bedded facies (Sp), horizontally bedded sandstone and scour 
surfaces, with lenses (4-6 cm thick) of fine pebbly sandstone and 
dispersed quartzose pebbles. Pachmarhi Formation; near 
Pachmarhi town. 
B. Photograph of large scale trough cross-bedded sandstone facies 
(St), locally interrupted by reactivation surfaces; Pachmarhi 
Formation , 5 km south of Pachmarhi town (hammer 30 cm). 
PLATE-2 
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et al., 1975),individual transverse bars (Smith, 1972), 
or migration of subaqueous 3-dimensional medium dunes 
(Ashley, 1990). 
Trough Cross-bedded Sandstone Fades (St) 
Trough cross-bedded facies is commonly developed in 
:;oarse and medium grained sandstone, here called St 
Eacies (Plate-2B), and occurs in large (average set 
thickness > 20 cm) and medium scale (5-10 cm) , like 
planar cross-bedded (Sp) facies. Thickness of individual 
sets is rarely more than 30 cm, and often in some sets 
grain size and thickness decrease upward, giving an 
appearance of fining-upward character. Trough axes of 
cross-bedding traces on bedding planes are commonly 
directed towards northwest and north. Both Sp and St 
facies are closely associated as cosets and sets and are 
locally marked with convolutes and truncated by 
reactivation surfaces. 
Trough cross-bedding cosets represent formation by 
1 
migration of subaqueous dunes (Collinson, 1970; Smith, 
1971), lunate bars (Allen, 1963; Reineck and Singh, 
1980), small-scale ripples (Karcz, 1972; Singh and 
Kumar, 1974) or they may have formed by the migration 
of cuspate ripples (Boothroyd, 1985) . Single set of 
trough cross-bed may represents scour-filling infront of 
bars/micro-delta. As stated earlier, the St facies like 
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Sp displays a decreasing scale of cross-bedding and 
decrease of grain size in vertical sections a couple of 
meters thick. Most commonly this facies may have been 
deposited as migrating dunes or lunate bars on top of a 
gravel facies, in association with planar cross-bedded 
sandbody (Sp facies), or in local depressions of 
megaripples showing evidence of scour-fill episodes. 
Fining-upward or thinning upward cosets were probably 
deposited during single flood. Conglomerate lenses 
within the cross-bedded unit may represent deposits that 
accumulated at the downstream end of braid bars 
especially during high stages when gravels were swept 
over the whole bar. 
Horizontally-bedded to gently inclined Sandstone (Sh) 
Facies 
This facies is medium to coarse grained and exhibits 
thinly developed horizontal bedding or lamination to 
gently inclined bedding at places (Plate-2A). The facies 
is 1 to 2 meters thick or even more at places, extends 
laterally for a few tens of meters. Stratigraphically, 
Sh facies is more common in the Pachmarhi Formation. 
The Sh facies may be attributed as a product of 
upper flow regime plane bed at high velocity and low 
water -depth (Reading, 1978; Collison and Thompson, 
1984) . It may also be attributed to increase in flow 
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regime or due to local shallowing of basin floor, the 
seasonal increase in discharge or to sheet like floods 
(Mckee et al., 1967) . 
Massive to Faintly Stratified Sandstone Fades (Sm) 
The massive sandstone is ferrugenous, buff brown to 
white in colour and commonly medium to coarse grained. 
It contains scattered granules and pebbles of 2-45 mm in 
diameter, predominantly of quartzite. The granules and 
pebbles are dispersed especially towards the base of 
sandstone units, but without preferred orientation. The 
pebbles are subangular to subrounded with a mean size of 
about 4 centimeters. The sandstone bodies are sheet 
like in geometry and extend laterally for 100's of 
meters; bases are generally flat to slightly scoured. 
This facies ranges from 3 to 5 m in thickness and have 
an erosional contact with overlying Sp facies. 
The massive to faintly stratified sandstone facies 
(Sm) of Pachmarhi sandstone may possibly have been 
deposited by rapid fallout of sand without time for 
development of well preserved internal organization 
within the beds. The character of the sediments in this 
facies in terms of their texture, sedimentary structures 
and vertical sequences are analogous to channel sheet 
flow sediments of modern streams (Harms and Fahnestock, 
1965). Their persistence along strike and limited 
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t h i c k n e s s suggest t h a t l a t e r a l r a t h e r than v e r t i c a l 
accre t ion was the most important process responsible 
for the depos i t ion of the pebbly sandstone and 
conglomerate f a c i e s . Braided r i v e r s most commonly 
undergo t h i s type of l a t e r a l migration as a r e s u l t of 
erosion of the outer and deposit ion on the inner bank 
channel lag deposi ts . 
Small scale-rippled Fine Grained Sandstone Facies (Sr) 
This f ac ies (Sr) compris ing f ine t o very f i n e 
g r a i n e d sand d i sp l ays p a r a l l e l l amina t ions , r i p p l e 
lamination and r ipple cross- laminat ion. I t i s white to 
d i r t y white in colour. The Sr facies occurs in cose ts 
commonly than in single s e t s , and overl ies la rge sca le 
Sp and St facies . I t i s developed as r e l a t i v e l y th inner 
u n i t s (< 1 m) in Pachmarhi sandstone and more commonly 
in the Denwa Formation. 
Occurrence of Sr facies in successive cosets may be 
a t t r i b u t e d to downcurrent migra t ion of s m a l l - s c a l e 
r i pp l e s under regular sediment supply (Allen, 1963) . 
Prec ise ly , t h i s fine grained sandstone facies represents 
lee side deposition of downcurrent migrating l inguoid 
r i pp l e s in shallow water with optimum sediment supply 
and d i scharge under lower flow regime (Harms and 
Fahnestock, 1965; Harms et a l . , 1975). I t may also form 
a s c h a n n e l f a c i e s d u r i n a oe^ - r iod i r f 1 nnrt/.csfn-rm i n t h p 
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intervening period of low sediment influx (Schieber, 
1989). 
Laminated to Ripple laminated Siltstone/Shale (Fl) 
Fades 
This facies occurs as prism-like bodies with a 
tendency of pinching out laterally within a few tens of 
meters and varies in thickness from 1 to 5 m. This 
facies is widely developed in the Denwa Formation and 
locally in the upper part of cross-bedded Pachmarhi 
Sandstone section near Mahadeva Temple, south of 
Pachmarhi. 
Deposition of this facies may be attributed to 
either vertical accretion deposits of a flood plain 
(Allen, 1965; Fisher et al. , 1969), or may represent 
deposition in neighbouring lake/swamp (Reading, 1978, 
p. 158) that may be shallowed periodically. Low energy 
depositional condition, possibly in backswamp 
environment, favour the formation of this facies (Type 
and Coleman, 1989). Likewise, thinly laminated claystone 
and fine siltstone may have been deposited in quiet 
water conditions. The predominance of ripple-cross-
lamination and parallel laminations in the fine grained 
siltstone/shale to the exclusion of large scale 
sedimentary structures, is in accord with experimental 
findings (Willis et al., 1972). 
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Muddy shale/Carbonaceous Shale (Fm) Facies 
This facies representing the fine-clastic component 
of sediment assemblage is grey to black and reddish in 
colour. It is developed in units of varying thickness 
from a few centimeters to lo to 50 m traceable in 
outcrops for tens of meters. Individual units of red 
mudstones (<3-15 m thick) ^re more widespread in the 
upper part of the Denwa Formation. This facies is widely 
developed in Denwa Formation near Denwa Darshan and 
Jhirpa village to the east-southeast of Matkuli Town. 
Carbonaceous shale lithofacies (Fm) with a minor 
amount of siltstone may be attributed to vertical 
accretion deposits of a flood plain (Allen, 1965; Fisher 
et al . , 1969) and/or in lower energy depositional 
condition possibly characterized by the densely 
vegetated backswamp environment (Tye and Coleman, 1989) . 
Pebbly Sandstone (Pb-s) Facies 
Included in this facies are sandstone bodies in 
which clasts of pebble and cobble size are dispersed in 
some outcrops, varying in size from <1 to 10 cm in 
diameter. The embedded clasts are mostly subangular to 
subrounded irrespective of size, rounded pebbles are 
rare. Locally, clasts occur as clusters of pebbles, 
resembling well sorted lag deposit. 
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FACIES ASSOCIATION AND INTERPRETATION 
Predominance of l a t e r a l l y c o a l e s c i n g and 
mult is tor ied medium to coarse grained sandstone bodies, 
with profuse development of l a r g e s c ^ l e p l a n a r and 
trough cross-bedding, presence of conglomerate lenses, 
unimodal o r i e n t a t i o n of c ros s -bedd ing f o r e s e t s and 
paucity of fine e l a s t i c s are conspicuous deposit ional 
feature of Pachmarhi Formation suggest ing deposition 
most l i k e l y in ex tens ive bra ided r i v e r p l a i n s . The 
succeeding Denwa with dominance of i n t e r b e d d e d fine 
e l a s t i c s resembles a meandering r i v e r deposi t due to 
declining slope through passage of t ime. 
SOFT-SEDIMENT DEFORMATIONAL FEATURES 
Soft-sediment deformational s t r u c t u r e s formed during 
or shor t ly a f t e r deposition of sedimentary layers occur 
local ly in ce r t a in horizons of sedimentary succession. 
The r e s u l t a n t s t r u c t u r e s are u s e f u l as guides to 
r e l a t i v e l y unusual and short l i v e d changes in the 
geometry and depos i t i ona l f e t u r e s of depos i ted 
sediments. These syn-depositional deformation s t ructures 
have been widely repor ted from modern and ancient 
sedimentary records . 
There i s no standard terminology to describe the 
deformat ional f e a t u r e (Lowe, 1975). However, var ious 
i n d i v i d u a l s t u d i e s can be used t o i n f e r a formal 
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geometric classification to describe individual 
strutures. Lowe (1975) ascribed these sedimentary 
features to the escape of pore fluid, usually water 
commonly in medium to fine sand. When developed on a 
large scale and over a large area, these structures may 
be regarded as important indicator of paleoseismic 
activity (Sims, 1973; 1975; Allen, 1975; Weaver, 1976; 
Seih, 1978). Deformation structures linking seismic 
shock to sediment deformation structures could play an 
important role in analyzing the distribution and 
intensity of ancient tectonic activity (Allen and Bank, 
1972) . 
DESCRIPTION 
The soft-sedimentary deformational structures 
described below are found to occur locally throughout 
the sedimentary succession of Pachmarhi Formation, 
particularly in medium to coarse sandstone of lower and 
middle parts. Mainly two types of structures are 
observed as follows: 
(1) Deformed Bedding and Foresets 
Two types of soft-sediment deformation are observed 
in medium to coarse grained sandstone locally in middle 
and upper parts: (i) Deformed bedding, (ii) Deformed 
cross-bedding. Occasionally in some units of Pachmarhi 
sandstone, a set of individual beds undergo gentle to 
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complex folding in ve r t i ca l sec t ions of about 1-3 m in 
thickness (Fig.4A). I t i s over la in and underlain by 
undeformed beds of uniform thickness . 
Elsewhere, the foresets of some la rge scale cross-
bedded u n i t s in medium to coarse sandstone of about 3 0 
cm to 1 m in th ickness are gently to i n t e n s e l y deformed, 
u n d e r l a i n and o v e r l a i n by undeformed h o r i z o n t a l and 
t rough o r / p l a n a r cross-bedded u n i t (F ig . 4B) . The 
deformed cross-bedding confined to one or more than one 
successive s e t s may extend l a t e r a l l y over 2 to 10 m and 
resembles asymmetric to recumbent-type folds (Pla te-3) . 
Deformed bedding resembling recumbent-fold of semi-
consolidated s t r a t a in some cases i s r e l a t e d to shear 
mechanism. McKee e t a l . , (1962) conc luded tha t the 
dominant mechanism involves t he d rag of flowing 
sediment-rich f lu id mass clayey s i l t y mater ial over 
water -sa tura ted sand. In the present case , the cross-
bedding forese t of medium to coarse sandy material are 
deformed p o s s i b l y due to combined e f f e c t s of shear 
s t r e s s and l i q u e f a c t i o n r e u l t i n g from pore p re s su re 
changes a s s o c i a t e d with a f a l l i n water l eve l 
(Ringrose , 1989) . The deformed bedding shows sharp 
a n t i c l i n a l c r e s t and broad open sync l ines . 
(2) Convolute Lamination 
Convolute l amina t ions are p r o f u s e l y l ikewise 
Fig.4 A. Field sketch showing convolute bedding in medium to coarse sandstone 
of Pachmarhi Formation. 
>m 
0.5m 
B. Field sketch showing deformation of large scale cross-beds, Pachmarhi 
Formation. 
PLATE-3. Photograph of cross bedded sandstone showing deformed foresets 
and convolute laminations. Pachmarhi Formation; north of 
Pachmarhi town. 
PLATE-3 
^2^^. 
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developed ocassionally in Pachmarhi Formation in f ine 
t o medium gra ined sands tone u n i t s . The bed i t s e l f 
remains remarkably constant in th ickness and extends 
unchanged as fa r as exposed in g iven ou tc rop . The 
c o n v o l u t i o n s have t h e i r g r e a t e s t ampl i tude near t h e 
centre of bed and die out both upward and downward. i n t o 
r ipp le cross- laminat ions . Thickness of the bed and the 
magnitude of the convo lu t i ons b o t h i nc r ea se wi th 
increase in coarseness of the sand. The convolutions are 
charac te r ized by sharp-crested a n t i c l i n e s and wider 
rounded t o box- shaped sync l ines . 
Convolute deformation may be r e l a t e d to the r i s i n g 
pressure of trapped f lu ids , reduced s t r eng th and dens i ty 
of l i que f i ed layers and f lu id drag (Allen, 1972) . I t i s 
a l so a t t r i b u t e d that convolute laminations are formed 
when cohesive forces and low permeabi l i ty within the 
accumulating sediment begin to i n h i b i t the free upward 
flow of escap ing pore f l u i d s (Lowe, 1975). As pore 
pressures increase accompanying progress ive l iquefac t ion 
un i t , a n t i c l i n e s might be expected t o evolve near the 
sediment surface by deformation wi th in and above the 
c r e s t s of r i p p l e s l o c a t e d immedia te ly benea th 
accumulating low-permeability l a y e r s . 
CHAPTER- III 
LITHOFACIES OF BA6RA FORMATION 
INTRODUCTORY REMARKS 
A spectrum of polymictic conglomerate, passing up 
i n t o sands tone and shale c o n s t i t u t e s t h e Bagra 
Formation, which o v e r l i e s the Denwa Formation 
disconformably and crops out along the nor thern margin 
of the Satpura bas in (Fig. 3) . I t i s well exposed in the 
Si tarewa r i v e r s e c t i o n of Mohpani c o a l f i e l d in the 
nor theast , where Bagra conglomerate l i e s f au l t ed against 
the Ear ly Permian Ta lch i r /Baraka r rocks as shown 
regional ly in Figure 2 and loca l ly in Figure 5. In the 
Tawa r i v e r s ec t i o n south of Bagra-Tawa Railway s ta t ion 
in the n o r t h - c e n t r a l par t , i t d i r e c t l y o v e r l i e s the 
Archaean g r a n i t o i d s and the Early Proterozoic Mahakoshal 
Supracrustals Good outcrops a lso occur along Piparia-
Matkuli road on way to Pachmarhi. 
The study of Bagra Formation concentra tes mainly on 
sedimentology of conglomerates, prompted by excellent 
outcrop s e c t i o n s a t severa l p l a c e s d i s p l a y i n g a 
va r ia t ion in t e x t u r e , composition and f a c i e s . Overall, 
the Bagra Formation shows a general gradat ion in size 
both s p a t i a l l y from northern to southern p a r t of the 
Bagra outcrop and s t r a t i g r aph ica l ly from lower to upper 
pa r t , ranging from conglomeratic assemblage, sandstone 
to shale . 
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PACIES DESCRIPTION 
Facias descr ip t ion of Bagra conglomerate i s based on 
v a r i e t i e s and types of l i t h o f a c i e s , t h e i r texture , frame 
work, and pr imary sedimentary s t r u c t u r e s . The major 
fac ies i d e n t i f i e d are described below: 
Massive, Matrix supported. Conglomerate Facies (Gms) 
This f a c i e s i s predominant ly ma t r ix supported 
(Plate-4A) and l o c a l l y c l a s t s u p p o r t e d . C las t s a re 
angu la r t o subrounded ( P l a t e - 4 B ) , wi th a n g u l a r i t y 
i n c r e a s i n g wi th decreas ing c l a s t s i z e . The c l a s t 
assemblage comprising mainly of p e b b l e , cobble and 
boulder s i z e are largely poorly so r t ed . Matrix i s e i t he r 
s i l t and c lay or poorly sorted coarse-grained sand and 
g r a n u l e s . Conglomerate c o n t a i n i n g t h e two d i f f e r e n t 
types of matrix are int imately interbedded and grade 
in to one another . Conglomerate f ab r i c i s disorganized 
and i m b r i c a t i o n i s r a r e . Sedimentary s t r u c t u r e s a re 
g e n e r a l l y absen t and d i s t i n c t bedding planes a re 
d i f f i c u l t t o recognize. Grading i s r e l a t i v e l y uncommon 
although both normal and inverse graded sequences do 
occur a t p l a c e s . Average bed th ickness i s about 1 to 2 
m and these occur as stacked u n i t s , l oca l ly interbedded 
with c las t - suppor ted conglomerates fac ies (Gm). Units 
within t h i s fac ies tend to be t a b u l a r and can be traced 
upto 100 t o 200 m where they t y p i c a l l y grade into other 
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conglomeratic fac ies . This fac ies occurs commonly in the 
no r the r ly proximal a reas . Good outcrop sect ions occur 
from Bagra Railway s t a t i on to Dam s i t e in the proximity 
of underlying c r y s t a l l i n e and metamorphosed (Mahakoshal) 
and increases in thickness towards south. Other good 
outcrops occur in the Sitarewa r ive r section in the 
n o r t h e a s t . 
The important c h a r a c t e r i s t i c s of th i s fac ies with 
r e spec t to deposit ional processes include coarse grained 
t e x t u r e , angulari ty of many c l a s t s , sandy/muddy matrix 
support , t ex tu ra l ly immature, disorganized fab r i c , and 
absence of sedimentary s t r u c t u r e s . 
Massive to Bedded Clast-supported Conglomerate 
Fac ie s (Gm) 
By and large t h i s facies i s clast-supported in which 
sand s i ze matrix r a r e ly comprises more than 15% of the 
rock by volume. Embedded c l a s t s consist ing of pebble, 
c o b b l e , and boulder a re p o l y m i c t i c in composi t ion 
comprising dominantly of red q u a r t z i t e , green p h y l l i t e 
and q u a r t z i t e , red jasper , g r a n i t e , vein quar tz , green 
sandstone, agate, fe ldspath ic gneiss and basic igneous 
rocks (Fig. 6) . Pebble-to-cobble s ize c l a s t s are more 
abundant; boulders are sporadic and upto 30-60 cm in 
diameter . Clasts are mostly subrounded to rounded and 
s o r t i n g i s moderate, bimodal t o polymodal. Overall , the 
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PLATE-4A. Photograph of outcrop section (~ 10 m thick) showing gently 
inclined (westward), matrix-supported conglomerate facies (Gms); 
poorly sorted,with planar to undulatory lower bounding surface. 
Lower part of Bagra Formation; about 1.5 km south of Bagra-
Tawa rail bridge (hammer 30 cm). 
B. Closeup view ofGms facies (A) showing angular, subangular to 
sub-rounded clasts. Bagra Formation; about 1.5 km south of Bagra-
Tawa rail bridge. 
PLATE-4 
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fac ies i s apparently massive though f a in t ly developed 
bedding and h o r i z o n t a l s t r a t i f i c a t i o n a re u b i q u i t o u s 
(Plate-4B). The fac ies forms multistorey sequences of 
conglomerate which vary in th ickness from 10 t o 15 
meters with individual bed on an average 1-5 m th i ck . 
Contact between beds i s uneven, scoured, and l o c a l l y 
sharp and planar (Plate-5A) , interbedded with massive to 
cross-bedded sandstone. The clast-supported conglomerate 
fac ies i s well developed between proximal and d i s t a l 
p a r t s though i t a l s o occurs as l e n t i c u l a r b o d i e s 
associated with matrix supported conglomerate f ac ies as 
mentioned e a r l i e r . 
Trough Cross-bedded Sandstone (St) Facies 
This f a c i e s c o n s i s t s of medium to ve ry c o a r s e 
grained moderately sor ted sandstone with cross-bedded 
s e t s between 15 to 45 cm th ick . Cosets > 2.0 m th ick are 
common. Rounded to subrounded granules and pebbles occur 
a long some f o r e s e t s and a l s o as t h i n d i s c o n t i n u o u s 
s t r i n g e r s in t rough a x i a l p a r t s . I n d i v i d u a l t r ough 
cross-bedded s e t s on bedding surface have length over 
15 meters and width about 5 m. The basal contact of most 
cosets i s scoured and veneered with a granule to pebble 
l ag . This facies becomes abundant towards top of the 
formation. 
PLATE-5A. Photograph showing successive layers of clast-supported fine 
pebbly conglomerate (Gm) and interbedded sandstone facies(Sh). 
Middle part of Bagra Formation; about 7 km north of Matkuli 
on Piparia road. 
B. Photograph of an outcrop of composite sequence of conglomerate 
passing upward into sandstone. Formation and locality same as 
above (A). 
PLATE-5 
^€ 
^ - ^ 4 ( » 
\ 
37 
Planar Cross-bedded Conglomerate (6p) F a d e s 
This a s soc ia t ed conglomerate facies often comprises 
single se t s of p lanar / t abu la r cross-bedded conglomerate 
ranging from 10 t o 150 centimeter or so in th ickness . 
Clas t s a re modera t e ly sor ted and subrounded. The 
foresets cons i s t of a l te rna t ing fine and coarse pebbles 
that become f i n e r grained up the fo rese t . The cross-
bedded conglomerate facies i s commonly interbedded with 
planar cross-bedded sandstone (Sp) fac ies , which often 
grades l a t e r a l l y i n t o St facies. 
This assemblage of facies i s a t t r i b u t e d t o have been 
deposited as a r e s u l t of down-stream progradat ion of 
high r e l i e f g r ave l l y bed forms (Morison and Hein, 1987) . 
The coarse g r a v e l l y sand were deposited on avalanche 
faces r e f l e c t i n g bar growth (Galloway and Hobday, 1983; 
Collinson, 1986) in down stream medial p a r t s . 
Horizontal bedded Sandstone (Sh) Facies 
This sandstone facies i s fine to coarse grained and 
moderately s o r t e d . Thin pebbly layers occur a t the base 
of most u n i t s . Individual horizontal beds a re l e s s than 
10 cm and t h i c k e s t unit i s about 1 m. This facies 
typica l ly o v e r l i e s the trough or planar cross-bedded 
facies . La te ra l extent i s of the order of 10 m or so, 
and i s genera l ly over la in by cross-bedded sandstone or 
c las t -supported conglomerate bodies (Plate-5B) . 
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Leuninated Slltstone and Shale (Fl) Facies 
This occurs as a miftor facies locally in thin beds 
(<50 cm thick) of lenticular bodies, interbedded with 
sandstone and shale facies. It occurs farthest to the 
south forming upper part of the Bagra Formation. 
FACIES ASSOCIATION AND INTERPRETATION 
The coarse grained nature of assemblage, and lateral 
change in facies types suggest that the Bagra 
conglomerate sequence was deposited as an alluvial fan-
braided system. Modern and ancient analogues of alluvial 
fan and braided river systems have been widely reported 
in recent years (Boothroyd and Ashley, 1975; Miall, 
1977; Reward, 1978; Nemec and Steel, 1984; Ethridge et 
al. , 1984). 
The matrix-supported massive and poorly sorted 
conglomerate (Gms) facies in the basal part possibly 
represents debris flows on steeper proximal reaches of 
alluvial fan, whereas clast-supported facies as reworked 
gravelly deposit during periods of and in places of high 
water discharge (Casshyap et al. , 1993a). The facies (Gm) 
is aerially dispersed in central (medial) part the 
southerly part, besides occurring as local interbeds in 
Gms facies in the north. The clast-supported framework 
indicates that currents (braided streams) were capable 
of winnowing finer grained sediments and, the scarce 
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matrix of these conglomerates as and where p r e s e n t may 
r ep re sen t a l a t e - s t a g e i n f i l t r a t i o n (Boothroyd and 
Ashley, 1975; Rus t , 1978) . A v e r t i c a l change from 
proximal to more d i s t a l f luv ia l se t t ings ( a l l u v i a l fans 
and braided s t reams) i s suggested^ by p r o g r e s s i v e 
decrease in grave l ly fac ies and increase in coarse to 
medium gra ined, p r o f u s e l y cross-bedded s a n d s t o n e and 
a s s o c i a t e d s h a l e f a c i e s f a r t h e r south , r e p r e s e n t i n g 
transverse and l inguoid bedforms and overbank f a c i e s of 
braided r iver p l a i n s . This change i s l i k e l y t o be the 
r e su l t of decreasing stream gradient with decreas ing 
source area r e l i e f . 
CHAPTER-IV 
PALEOCURRENT AMD PALEOSLOPE 
Past 30 years have witnessed extensive contr ibut ion 
on p a l e o c u r r e n t s t u d i e s of Gondwana sed iments of 
Peninsular Ind ia . Greater a t tent ion has been paid to 
analyse and i n t e r p r e t paleocurrent and paleoslope of 
Late Pa l eozo ic Gondwana sediments (Niyog i , 1966; 
Casshyap, 1973, 1979a, 1979b; Casshyap and J a i n , 1970; 
Sengupta, 1970; Casshyap and Qidwai, 1971; Khan and 
Casshyap, 1982; Tewari and Casshyap, 1978, 1982; 
Casshyap and Tewari, 1984, 1988) . However, the Mesozoic 
Gondwana sediments of Peninsular India have been l i t t l e 
studied from t h i s view point , except a few l o c a l studies 
(Casshyap e t a l . , 1993a; Tewari, 1995a, 1995b; Tewari and 
Casshayp, 1994) . There are yet s ign i f i can t gaps as far 
as detai led paleocurrent and paleoslope recons t ruc t ions 
are concerned, p a r t i c u l a r l y in r e s p e c t of Mesozoic 
Gondwana rock (Veevers and Tewari, 1995) . 
An attempt i s made here to evaluate pa leocurrent and 
paleoslope of Mesozoic Gondwana sediments of Satpura 
basin comprising Pachmarhi, Denwa and Bagra Formations. 
The specif ic aim of study i s as follows: 
i) d i rec t ion of the local and regional pa leos lope ; 
i i ) d i r e c t i o n of sediment supply, l o c a t i o n and 
morphotectonic nature of the provenance; 
i i i ) depos i t iona l environment; 
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4 1 
METHOD OF STUDY 
In view of the known genetic r e l a t ionsh ip between 
f o r e s e t azimuths of c ross -bedd ing and down c u r r e n t 
d i r e c t i o n , i t i s b e l i e v e d tha t a s y s t e m a t i c a r e a l 
mapping of cross-bedding dip azimuths and t h e i r object ive 
analysis could provide a r e l i ab l e means t o recons t ruc t 
paleocurrents and paleoslope for a given depos i t iona l 
basin { Pot ter and Olson, 1954; Potter and Pe t t i John , 
1963; Casshyap, 1973; Dott, 1973; Harms e t a t . , 1975). 
Amount of dip ( inc l ina t ion) and azimuth of fo rese t beds 
surfaces were measured for planar cross-beds in v e r t i c a l 
s e c t i o n s (a-c p lane) and for trough c r o s s - b e d s on 
bedding surface, as and where well exposed. 
Cross-bedding measurements were taken following the 
procedures out l ined by P e l l e t i e r (1958) and Po t t e r and 
Pett i john (1963; 1978, p . 99) . In order to have prec i se 
understanding of the cross-bedding o r i en t a t i on in the 
given area on a loca l and regional scale , and a l so to 
avoid human b i a s , i t was decided that a h e i r a r c h i c a l but 
f lexible and meaningful sampling plan be followed. Since 
outcrops in the Gondwana country are not p l e n t i f u l and 
confined l a r g e l y t o r o a d s , r i v e r and c r eek (nala) 
sect ions , i t was evident t ha t a grid method for sampling 
of paleocurrent data was not s t r i c t l y f e a s i b l e , and 
spacing of t he o u t c r o p s would depend l a r g e l y on 
a v a i l a b i l i t y and a c c e s s i b i l i t y . However, care was taken 
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to cover much of the accessible area r ep resen t ing data 
from base to top and l a t e r a l l y as far as p o s s i b l e . Thus, 
depending upon the a v a i l a b i l i t y of well exposed cross-
bedded o u t c r o p s , 4 t o 8 readings of f o r e s e t dip 
azimuths were taken from 1 to 3 places a t each exposure 
(outcrop) (F ig .7 ) . As a ru le , regional dips and s t r ikes 
were measured a t each exposure where c r o s s - b e d d i n g 
readings were recorded. 
A t o t a l of 798 readings were r e c o r d e d ; from 
Pachmarhi (359), Denwa (201) and Bagra (238) Formations 
from a t o t a l of 40 exposures (Table-2). The azimuthal 
data were grouped in 30 degree c l a s s i n t e r v a l and 
p l o t t e d as r o s e diagrams at exposure and formation 
l e v e l s , r e s p e c t i v e l y . The mean c u r r e n t d i r e c t i o n , 
s tandard d e v i a t i o n , and var iance were computed by 
trignometric vec to r method (Curray, 1956; Po t t e r and 
PettiJohn, 1978) . The magnitude of the resu l tan t 
vector in terms of normalised vector s t r e n g t h (L in 
percent ) was c a l c u l a t e d to measure t h e degree of 
concentration of fo rese t azimuths a t the corresponding 
sampling l e v e l , g r e a t e r the L g r e a t e r the 
concentration. 
Table-2. records the number of readings, vec tor mean 
and vector s t r e n g t h a t exposure l eve l , and Table-3. 
records the t o t a l readings vector mean, vec to r s trength, 
standard dev ia t ion and variance at formation l e v e l . The 
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Tabic -2 Expotum ltv«l tUtistical attrfbutM of cross -bwldlng azimuth of 
Pachinaft)i,Dwiwa and Bagra Sandstones 
Pacltmartil Formation 
a) Lamer Pachmartti 
ExposureNo 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
Nos.or Foresets Vector Mean 
AanHNf*) 
18 
18 
18 
12 
14 
24 
10 
34 
7 
8 
12 
26 
b) Upper Pachmartti 
30 
24 
24 
24 
12 
7 
7 
11 
28 
20 
Denwa Formation 
26 
16 
24 
14 
52 
32 
37 
Bdgra FormaUort 
26 
10 
24 
9 
28 
32 
16 
22 
19 
30 
27 
6 v 
318 
298 
358 
308 
32 
tn 
333 
315 
358 
338 
25 
345 
311 
308 
231 
312 
350 
298 
305 
300 
317 
309 
303 
293 
320 
272 
325 
330 
247 
175 
153 
191 
186 
171 
176 
165 
186 
174 
187 
148 
Vector Strength 
L in% 
93 
97 
91 
86 
97 
93 
96 
92 
93 
97 
97 
92 
93 
87 
88 
92 
94 
94 
93 
97 
77 
90 
88 
75 
91 
93 
42 
66 
72 
91 
97 
51 
94 
92 
84 
93 
90 
87 
85 
74 
44 
percent frequency d i s t r i b u t i o n of foreset azimuths a t 
exposure level i s p l o t t e d as rose diagrams in Figure 8 
for each formation, and the mean current d i r e c t i o n i s 
p l o t t e d by arrow heads a t each sampling l o c a l i t i e s in 
Figure 9. For deciphering the paleocurrent p a t t e r n a t 
formation level , cross-bedding data are grouped, p lot ted 
and computed (Table-3) s epa ra t e ly for Pachmarhi, Denwa 
and Bagra Formations, as a l s o for lower and upper 
Pachmarhi Formation (Table-3) (Fig. 10, 11) . 
Pachmarhi Sandstone 
359 measurements of c r o s s - b e d d i n g azimuths were 
recorded from 22 exposures of Pachmarhi Sandstones. The 
outcrops l i e mostly in eas te rn and central pa r t of the 
study area; fewer readings were recorded from sporadic 
outcrops in the western pa r t due t o i n a c c e s s i b i l i t y . 
Rose diagrams in F igure 8 show some s e l e c t e d 
frequency d i s t r i b u t i o n of c ros s -bedd ing azimuth a t 
exposure l e v e l . The az imuths show mostly unimodal 
d i s t r i b u t i o n with modal c l a s s commonly oriented towards 
northwest (300^-330^) . Dominant mean azimuth d i r e c t i o n i s 
northwest. Locally, the mean azimuth i s d i rec ted towards 
nor theas t ( e. g. exposure Nos. 5 and 11). 
The vec tor mean d i r e c t i o n of c r o s s - b e d d i n g a t 
exposure levels i s not much too different than tha t 
computed at formation l e v e l (Tab le -3 ) . Normal ised 
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Tabl«-3 Paleocurrent sUUstics at formations laval 
Formation 
Bagra 
Oenwa 
Pactwnartii 
Upper Pachmartii 
Lower Pachmartii 
No of readings 
N 
238 
201 
359 
192 
167 
Vector Mean 
ev 
172 
291 
313 
297 
318 
Vector Stienglh Variance 
L% ^ 
83 
56 
75 
63 
83 
1480 
3268 
2213 
2778 
1278 
Standard 0 
S 
30 
57 
47 
53 
34 
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CROSS-BEDDING 
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STATISTICS 
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" ^ 
•so*!. 
Vector strength 
N r 238 
evr n?** 
L«fc= 8 3 
S^ z K80 
S Z 3«*' 
N r 201 
ev r 291° 
S^ - 3 2 6 8 
S r S?** 
N z 359 
ev = 313** 
L'/ . - 7 5 
S^Z 2213 
S = t,l° 
Fig.lO Rose diagrams showing azimuthal distribution, mean paleocurrent 
direction and related statistics at formation level for Pachmarhi, Denwa 
and Bagra Formations. 
FORMATION 
Upper 
Pochmorhi 
Lower 
Pochmorhi 
CROSS-BEOOING 
•M 
m 
STATISTICS 
N = 1 9 2 
e v = 2 9 7 * * 
S^ 3 2778 
S =63** 
N = 1 6 7 
0 V = 318** 
L'/.= 83 
S ^ = 1217 
5 = 34*" 
Fig.l 1 Rose diagramsshowing azimuthal distribution, mean paleocurrent 
direction and related statistics of lower and upper Pachmarhi Formation 
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vector s t r e n g t h (L%) or consistency r a t i o i s in order of 
90% a t exposure l eve l and 75% a t format ion l e v e l , 
implying s t r o n g l y uniform az imutha l c o n c e n t r a t i o n 
throughout the Pachmarhi Formation. The above contention 
i s corroborated with the computed value of variance of 
cross-bedding vector which ranges from 1217 to 2778 
between exposures and 2213 a t f o rma t ion l e v e l . The 
g rea te r concentrat ion of cross-bedding azimuths, the low 
variance p lus the dominance of arenaceous l i thology in 
Pachmarhi Formation a re the f e a t u r e s of g e n e t i c 
s i g n i f i c a n c e , inso fa r as the channe l p a t t e r n i s 
concerned. 
Lower Pachmarhi Sandstone 
167 readings of cross-bedded azimuth were recorded 
from 12 exposures of lower Pachmarhi Sandstone (Table-
2) . Mean azimuth i s d i rected towards northwest (277^-
3580) with a s l i gh t var ia t ion l o c a l l y towards northeast 
(25°, 32°) . The mean vector s t rength ranging from 86-97% 
a t exposure l e v e l and 83% a t fo rma t ion l e v e l . The 
variance i s 2778 at formation l e v e l . 
Upper Pachmarhi Seuidstone 
Like lower Pachmarhi, the f o r e s e t azimuths were 
c o l l e c t e d from 10, exposures of c ross -bedded upper 
Pachmarhi Sandstone {Table-2) . The graphic plot of 167 
readings of cross-bedded dip azimuths l i k e that of lower 
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Pachmarhi Sandstone is unimodal at exposure and 
formation level. Mean cross-bedding azimuth (ov) is 
directed towards northwest ranging between 231°-350° at 
most exposure level. The vector strength ranges from 77 
to 97 percent at exposure level and variance is 2778 at 
formation level. 
Denwa Sandstone 
201 readings of foreset azimuths were recorded from 
7 exposures of cross-bedded Denwa Sandstone (Table-3). 
The Mean azimuthal direction shown by arrow heads (Fig-
9) is commonly directed towards northwest (247^-330°) 
like Pachmarhi, with slight variation locally towards 
north, south, and southwest (355°, 190°, 247°) . The 
vector mean ranging between 247° and 330 . However, 
unlike Pachmarhi, cross-bedding azimuths show variable 
vectorial concentration (L=42 - 93%). Interestingly, the 
cross-bedding variability increases from Lower Pachmarhi 
(1278) through Upper Pachmarhi (2778) to around 3268 in 
Denwa (Table-3), implying possibly a progressive 
increase in the sinuosity of channel patterns of 
depositing current. 
Bagra Sandstone 
The graphic plots of cross-bedding dip azimuths at 
different exposures of Bagra Formation is shown as rose 
diagrams in Figure 8. The foreset orientation is unimodal 
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t o bimodal a t exposure l e v e l , but i s unimodal a t 
formation level (F ig .7) . The pr incipal mode l i e s in 
southeast quadrant (Ov=172°) . Evidently, mean c ross -
bedding azimuth (Ov) i s d i rec ted towards sou th-eas t to 
south-west ranging between 148*^  to 191^ at exposure 
l e v e l s (Fig.8) . The formation mean i s 172°, suggest ing 
dominant paleocurrent d i r ec t i on and sediments t r an spo r t 
from north to south. The vector strength ranges from 51 
t o 97 percent and variance i s 1480 implying depos i t ion 
of Bagra sands in low s inuos i ty stream channels, unl ike 
t he high sinuosity Denwa stream. 
PALE0DRAINA6E AND PALEOSLOPE 
The analysis and i n t e r p r e t a t i o n of paleocurrent data 
a t exposure and format ion l e v e l r evea l s t h a t t he 
Pachmarhi and Denwa sediments were deposited in t h e i r 
r e s p e c t i v e a l l u v i a l p l a i n s by r i v e r system d r a i n i n g 
uniformly and dominantly from southeast to northwest . 
Thus, the p a l e o c u r r e n t , pa leodra inage and p a l e o s l o p e 
were mostly d i rec ted towards northwest throughout the 
Sa tpura basin from Ear ly T r i a s s i c Pachmarhi th rough 
Middle T r i a s s i c Denwa Formation. However, l o c a l 
d e v i a t i o n in c u r r e n t d i r e c t i o n towards n o r t h e a s t , 
southeast , southwest, more so in the case of Denwa than 
Pachmarhi, may wel l be on account of p r o g r e s s i v e 
increase in channel s inuos i ty due to decline in r e l i e f 
through time, as corroborated by the overall l i t h o f a c i e s 
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of the Denwa as referred to earlier and discussed later. 
Interestingly, the Bagra Formation exhibits a 
reversal of paleocurrent and paleoslope at almost all 
the outcrops and formation level, signifying that the 
sediments have been derived from the source i. e from 
Bijawar Supra Crustal located towards north of the 
study area. This in contrast to Pachmarhi and Denwa 
Formations which show northwesterly paleoslope implying 
sediments supply dominantly from southeastern source. 
CHAPTER-V 
GRAIN SIZE ANALYSIS 
The grain s i ze s tud ies of Pachmarhi, Denwa and 
Bagra rocks were undertaken with a view to understand 
the grain s ize p r o p e r t i e s , hydrodynamic condi t ions , and 
depositional processes . 
During l a s t th ree decades or so, a large number of 
workers have s tudied and produced voluminous l i t e r a t u r e 
on gra in s i z e c h a r a t e r i s t i c of sediments and t h e i r 
implications in i n f e r r i ng depositional condi t ions and 
environment (Folk and Ward, 1957; Mason and Folk, 1958; 
Friedman, 1961) . 
Grain size a t t r i b u t e s have been widely used for 
i n t e r p r e t i n g envi ronments of depos i t i on of Late 
Paleozoic Lower Gondwana rocks of P e n i n s u l a r Ind ia 
(Srivastava, 1961; Qidwai, 1972; Qidwai and Casshyap, 
1978; Khan, 1978; Tewari, 1980; Casshyap, 1981; Kumar, 
1983; Khan, 1984). Grain s ize study of Mesozoic Gondwana 
rocks have been l o c a l l y undertaken on the Pachmarhi 
Formation (Saxena, 1973) . 
ANALYTICAL PROCEDURE 
Because of extreme induration and cementation of 
sandstones, d i s i n t e g r a t i o n by methods o r d i n a r i l y used 
(Krumbein and P e t t i j o h n , 1938) was not p o s s i b l e . 
Therefore, the gra in s ize analysis of sandstone was 
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carried out for 47 representat ive th in s e c t i o n s using 
petrological microscope. The thin sec t ions were selected 
both l a t e r a l l y and v e r t i c a l l y r e p r e s e n t i n g sandstone 
bodies of Pachmarhi (20), Denwa (10), and Bagra (17) 
Formations. The apparent long diameter of sand-sized 
d e t r i t a l g r a i n s were measured wi th t h e help of 
micrometer eyepiece. A sum to ta l of 250-300 gra ins were 
counted per s l i d e as suggested by Friedman (1958) and 
considered t o be sa t i s fac to ry for most r o u t i n e analysis 
(Pettijohn e t a l . , 1965; Friedman, 1958, 1962). Care 
was taken t o s e l e c t only those grains in which effect 
of pressure so lu t ion and/or replacement by cement was 
absent or present only marginally. The da ta were t rea ted 
s t a t i s t i c a l l y to determine grain s ize p r o p e r t i e s and 
v a r i a t i o n i f any. The r e s u l t s a r e r eco rded in 
Table-4 . S ize a n a l y s i s of embedded c l a s t s of Bagra 
Conglomerate were car r ied out by v isua l measurements of 
long axis of some 100 c l a s t s on d i f ferent out crops. I t 
i s observed t h a t s i z e of the c l a s t s d e c r e a s e s and 
roundness increases in the southward d i r e c t i o n across 
the study a rea . 
Graphic Meaui S i z e (Mz) 
Mean s ize (Mz) of Pachmarhi Sandstones ranges from 
0.3 to 2.00 (f> (0.80 to 0.25 mm) i n d i c a t i n g that the 
sandstones a r e medium to coarse g r a i n e d . Out of 20 
sandstone samples 18 are medium grained and 2 coarse 
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PACHMARHI SANDSTONE 
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SKj | V f bal Umit 
P-3 
1.73 
0.3 
064 
1.22 
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Poorly aorted 
0.01 
-072 
Near symrnetrical 0.96 
Strongly coarae akewed 054 
Verbal Umtt 
Mesokurlic 
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Pc-5 1.71 0.67 
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Pc-5(1) 1.66 
Moderately wal aortad -0.01 
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1 
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DENWA SANDSTONE 
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^ Leptokurtk: 
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grained. Mean size of Denwa sandstone ranges from 0. 7 
to 2.38 ^ (0.60 mm to 0.19 mm); of these 2 are fine 
grained, 7 medium grained, and one coarse grained. In 
Bagra Conglomerate matrix: ranging in size from 0.71 to 
2.81 (j) (0.61 mm to 0. 14 mm), 3 are fine grained, 11 
medium grained, and 3 coarse grained. The mean is a 
function of: (1) the size range of available sediments 
and (2) the amount of energy imported to the sediment 
which depends on current velocity or turbulance of 
transporting medium. 
Inclusive Graphic Stsmdard Deviation (o*-I ) 
Inclusive graphic standard deviation of the 
Pachmarhi samples ranges from 0.51 to 1.22 (^, and 8 
samples are moderately well sorted, 11 moderately 
sorted, and 1 poorly sorted (Table-4). Out of 10 
samples of Denwa Sandstone, 3 are well sorted (.3 6 (^  to 
.43 (p) , 5 are moderately well sorted (.51 (f) to .68 C^) 
and 2 moderately sorted (.74 (^  to .78 0). Likewise 4 
samples of Bagra Sandstone are well sorted ( 0.3 7 <^  to 
0.48 0), 6 moderately well sorted (0.52 0 to 0.67 0) , 4 
moderately sorted (0.76 0 to 0.90 (^) , and 3 are poorly 
sorted (1.09 0 to 1.06 0). Moreover, it is observed that 
in the Pachmarhi and Denwa Formations there is no 
systematic variation in sorting at different localities. 
However, in the Bagra Formation, sorting improves as we 
move away from the margin of the basin in the north 
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towards south. The samples from Mohpani in the north are 
poorly sorted, whereas, those at Singanama some 35 km 
in the south are moderately well to well sorted. 
Inclusive Graphic Skewness (Sk-^ ) and Kurtosis (K^) 
Inclusive graphic skewness (Skj ) of the aforesaid 
samples of Pachmarhi ranges from +0.16 to -0.17. Out of 
20 samples, 9 are nearly symmetrical (-0.01 to +0.92), 3 
are fine skewed (+0.14 to +0.22), 3 coarse skewed (-0,11 
to -0.17) and 5 strongly coarse skewed (-0.01 to -0.72) 
as shown in Table-4. Graphic kurtosis Kg of Pachmarhi 
Sandstone varies from 0.59 to 2.94, in all 5 samples are 
mesokurtic (0.98 to 1.11), 4 leptokurtic (1.20 to 1.41), 
5 very leptokurtic (0.54 to 2.94) , 4 platykurtic (0.73 
to 0.90) and 2 very platykurtic (0.59 to 0.63). 
In Denwa Sandstone, Sk ranges from +0.52 to -0.92, 
and 6 samples out of 10 are nearly symmetrical (-0.06 to 
+0.08), 2 strongly fine skewed (+0.47 to 0.52), 1 coarse 
skewed (- 0.28) and 1 is fine skewed (+0.15). Kurtosis 
values (Kflh) range from 0.41 to 1.73; 1 is mesokurtic 
(1.05), 3 leptokurtic (1.15 to 1.73), 4 very leptokurtic 
(0. 41 to 1.72), and 2 platykurtic. 
Skj of Bagra samples ranges from +.13 to -0.42 and 
out of 17 samples 6 are nearly symmetrical (-0.08 to 
+0.10), 6 strongly coarse skewed (-0.05 to -0.39), 3 
coarse skewed (-0.21 tO -0.23), and 2 are fine skewed 
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(+0.13 to +0.15). K^ ranges from 0.70 t o 1.76, with 3 as 
mesokurt ic (0. 95 to 1.10), 6 l e p t o k u r t i c (1.13 to 
1.41), 4 very l e p t o k u r t i c (0.13 t o 1.76) and 4 
p la tykur t i c (0.70 to 0.89). 
Skewness and Kur tos is have been r e f e r r e d to as 
ind ica tors of se lec t ive action of t ranspor t ing agent 
(Krumbein and Pett iJohn, 1938). These parameters have 
been employed by var ious workers t o i n t e r p r e t 
deposi t ional processes and environments. Folk and Ward 
(1957) suggested that sands deposited near the source 
are c h a r a c t e r i s t i c a l l y leptokurt ic and pos i t i ve skewed. 
Magon and Folk (1958) made a comparative t ex tu ra l study 
of r e c e n t sands of beach, dune and a e o l i a n f l a t 
environments. 
Friedman (1961) suggested that both dune and r ive r 
sands usua l ly have posi t ive skewness but beach sands 
g e n e r a l l y have negat ive skewness. Duane (1964) 
demonstrated tha t the sands of l i t t o r a l , beach, and 
t i d a l i n l e t - e n v i r o n m e n t have n e g a t i v e skewness as a 
r e su l t of winnowing action of waves and t i d a l cur ren ts . 
However, a b i l i t y to identify and descr ibe deposi t ional 
process and/ or sedimentological environments from grain 
size c h a r a c t e r i s t i c s have been a matter of discussion. 
Friedman (1961, 1967) and Moiola and Weiser (1968) 
claimed t h a t convent ional s t a t i s t i c a l parameters a re 
adequate in providing a sa t i s fac to ry i n t e rp re t a t i on of 
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t h e s e environments, whereas o t h e r s demonst ra ted t h a t 
such in terpre ta t ion of the environment i s not r e l i a b l e 
(Tucker and Vacher, 1980; Sahu, 1983), e s p e c i a l l y in 
ancient sediments. 
At best the g r a i n s i z e p r o p e r t i e s p r o v i d e a 
meaningful i n t e rp re t a t i on about sedimentary p rocesses , 
mode of transport and energy condition p reva i l ing during 
sediment t ransport and a t deposi t ional s i t e . 
CHAPTER-VI 
DETRITAL MINERALOGY, CLASSIFICATION, PETROFACIES AND 
HEAVY MINERAL 
GENERAL REMARKS 
During the l a s t two decades or so several workers 
attempted to in te rpre t d e t r i t a l mineral composition of 
sandstone in terms of p l a t e t ec ton ic se t t ing (Dickinson 
1970, 1974, 1985; Dickinson and Rich 1972; Schwab 1971, 
1975 and Crook 1974). These s tudies and others have 
shown that quar tz- r ich rocks are typical ly associa ted 
with passive cont inental margins, while the quartz poor 
rocks are mostly v o l c a n o g e n i c d e r i v a t i v e s of t he 
magmatic arcs and those of intermediate quartz content 
are mainly associated with a c t i v e continental margins or 
o the r orogenic be l t s (Schwab, 1971, 1975; Crook, 1974; 
Dickinson , 1985). C o n d i e ' s (1982) g loba l s tudy on 
Proterozoic rocks co r r e l a t ed d e t r i t a l mineralogy and 
chemistry with dif ferent types of r i f t ed bas ins . 
The key re l a t ions between provenance and basin are 
governed by ad jo in ing p l a t e t e c t o n i c / p l a t e boundary 
which ul t imately controls the d i s t r ibu t ion of d i f fe ren t 
types of sandstones. L imi ta t ions of th i s approach include 
problems as la rge-sca le l a t e r a l transport of sand from 
t e c t o n i c a l l y region u n r e l a t e d to the bas in of 
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deposition (Velbel, 1985), temporal changes in tectonic 
s e t t i n g (Mack, 1984), and compos i t iona l v a r i a t i o n s 
r e l a t e d t o d e p o s i t i o n a l environment and cl imate 
(Suttner, 1974; Mack, 1984). However, data obtained from 
t e r r e s t r i a l and modern sands from knovm t e c t o n i c se t t ing 
provide s tandards to evaluate the ef fec t of tectonic 
se t t ing on sandstone composition. By d i r e c t analogy with 
such modern sands and by in terpre t ing ancient sandstones 
the d e t r i t a l mineralogy can be cor re la ted with specific 
types of s o u r c e t e r r a i n and b a s i n s a s s o c i a t e d with 
diverse p l a t e t e c ton i c regimes. Keeping the aforesaid 
views in mind and the fact that Satpura basin i s of 
r i f t ed o r ig in , the d e t r i t a l mineralogy of sandstones of 
the s tudy a r e a has been s tud i ed in te rms of the 
following a s p e c t s : 
i) for t h e i r petrographic c l a s s i f i c a t i o n , and 
i i ) for i n t e r p r e t a t i o n of t h e i r provenance and 
depos i t iona l his tory. 
METHOD OP STUDY 
In the p resen t study d e t r i t a l mineral composition of 
sands tones were evaluated both q u a l i t a t i v e l y and 
quan t i t a t i ve ly based on 60 selected t h i n sections of 
sandstone specimens collected l a t e r a l l y and ver t i ca l ly 
from Pachmarhi (30) , Denwa (10) , and Bagra (20) 
Formations. The t h i n s ec t i ons were examined under 
Le i t z -Pe t ro log ica l microscope for the study of framework 
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c o n s t i t u e n t s ( coa r se r than 0.004 mm) and groundmass 
material comprising matrix (<0.004 mm) or cement. The 
modal ana lys i s of framework cons t i tuen ts and groundmass, 
by volume, was carr ied out by Swift automatic point 
coun t e r . The spacing between p o i n t s a long l i n e a r 
t raverse and v e r t i c a l traverse depends upon size of 
d e t r i t a l components. Usually 10 t o 20 l i n e a r t raverses 
with spacing of about 1 mm between them were taken for 
each t h i n sec t ion , depending on i t s s i z e . About 300-400 
grains per s l i d e were counted following the standard 
method as recommended by Griff i ths (1967) . Roundness of 
d e t r i t a l g ra ins using rho ( p ) s ca l e of Folk (1968) 
and n a t u r e of con tac t s were examined under the 
microscope. Type of d e t r i t a l matrix and cements were 
d is t inguished and t h e i r re la t ive propor t ions calculated 
by way of modal ana lys i s . 
Terminology of Krynine (1940) , Folk (1968, 1980) 
Dickinson (1972) and B la t t (1972) was followed for 
d e s c r i b i n g g e n e r a l v a r i e t i e s of q u a r t z and other 
framework c o n s t i t u e n t s . 
DETRITAL MINERAL COMPOSITION 
The bulk of the framework c o n s t i t u e n t s of sandstone 
in each formation i s madeup of d e t r i t a l quar tz , followed 
by rock fragments, feldspar, and mica. Appendix-1 gives 
the p e r c e n t a g e of var ious d e t r i t a l m i n e r a l s of the 
60 
samples examined for modal analysis. Their description 
is given here under in decreasing order of abundance. 
Quartz 
Quartz i s the most dominant mineral among t h e 
d e t r i t a l cos t i tuents of a l l the samples. The va r ious 
types of quartz recognized on the basis of t h e i r o p t i c a l 
c h a r a c t e r s (Folk, 1968; B l a t t , 1980) inc lude common 
quar tz , vein quartz, r e c r y s t a l l i z e d metamorphic qua r t z , 
and stretched metamorphic quar tz . 
On an average, approximately two-third of the t o t a l 
d e t r i t a l quartz cons i s t s of both common (plutonic) and 
vein quartz v a r i e t i e s . The remaining d e t r i t a l qua r t z 
be longs to r e c r y s t a l l i z e d metamorphic and s t r e t c h e d 
metamorphic v a r i e t i e s . which were d e s i g n a t e d a s 
metamorphic type. 
Common Quartz 
Common quartz i s the dominant const i tuent comprising 
62 to 89 percent and on an average some 78.15 percent of 
the rock by volume in Pachmarhi, 73 to 88 percent , and 
average 81.80 percent in Denwa, and 34 to 72 percent 
averaging 55.88 percent in the Bagra Formation. The 
common quartz grains occur as subequant, and mostly 
subrounded, rounded to well rounded in Pachmarhi and 
Denwa Formations, and angular , subangular to subrounded 
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in the Bagra Formation. The gra ins are monocrystal l ine 
and gene ra l ly e x h i b i t a c l e a r appearance having 
inc lus ions usually of acc icu la r r u t i l e , tourmaline, mica 
and opaques. The g r a i n s show s t r a i g h t t o s l i g h t l y 
undulose ext inct ion. 
Vein Quartz 
Vein quartz c o n s t i t u t e s 1.15 to 6 .51 p e r c e n t 
ave rag ing 3.00 pe rcen t i n Pachmarhi, 0.79 t o 12.68 
p e r c e n t with an average of 5.55 pe rcen t i n Bagra 
Formation; the Denwa Formation i s generally devoid of 
v e i n qua r t z . I t occurs commonly as m o n o c r y s t a l l i n e 
g r a i n s . The grains general ly show pa ra l l e l arrangement of 
indiv iduals but not qu i te in op t ica l con t inu i ty , and 
have s t r a i g h t t o s l i g h t l y undulose e x t i n c t i o n . 
Monocrys ta l l ine ve in q u a r t z show abundant v a c u o l e s 
g iv ing cloudy appearance (Plate-6A) . 
Recrvstallized Metamorphic Quartz 
I t comprises 0.45 to 11.52 percent with an average 
of 4.20 percent in the Pachmarhi Formation, 1.13 t o 2.85 
p e r c e n t and averag ing 2.22 pe rcen t in t h e Denwa 
Formation, and ranges from 1.48 to 9 .61 p e r c e n t 
averaging 4.21 percent of d e t r i t a l fraction in the Bagra 
Formation. 
I t occurs as p o l y c r y s t a l l i n e g r a i n s made up of 
elongated and lensoid sub-individual micro-quartz and 
PLATE-6A. Photomicrograph of coarse to medium grained, poorly sorted 
framework constituents of Bagra Sandstone, with large grain of 
vein quartz (XSO). 
B. Photomicrograph ofBagra Sandstone showing polycrystalline 
quartz with elongate and sutured contact (X. 50). 
PLATE-6 
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f ine g ra ined q u a r t z . The s u b i n d i v i d u a l s a re in 
subparal le l t o almost pa ra l l e l o r i e n t a t i o n with uneven 
and sutured boundries along which t i n y mica f lakes often 
occur (Plate-6B) . The subindividual quartz show highly 
undulose e x t i n c t i o n . Some individual quartz occurring as 
elongated and lensoid shaped grain with a c h a r a c t e r i s t i c 
f e a t u r e s as h e a l e d f r a c t u r e s , and h i g h l y undulose 
ext inc t ion may be of metamorphic o r i g i n . 
Stretched Metamorphic Quartz 
This type of quartz i s more common in Pachmarhi and 
Bagra sandstone (0.0 to 9.7 percent) than Denwa (0.0 to 
2.3 pa rcen t ) . I t occurs as subrounded to well rounded 
po lyc rys ta l l ine g ra ins made up of elongated and lensoid 
s u b i n d i v i d u a l q u a r t z . The s u b i n d i v i d u a l s are in 
subparal le l t o almost pa ra l l e l o r i e n t a t i o n with smooth 
and su tu red bounda r i e s (P la t e -6B) , and show highly 
undulose e x t i n c t i o n . Sometimes the subindividuals occur 
independently as monocrystalline g ra ins which are eas i ly 
recognised and dis t inguished from monocrystal l ine common 
quartz by c h a r a c t e r i s t i c features such as elongated and 
lensoid shape and s t r a i g h t ex t inc t ion . 
Rock Fragments 
Rock fragments comprise 0.54 to 4.88 percent of the 
rock by volume in Pachmarhi, but are genera l ly absent 
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in Denwa sandstone. However, they range from 1.06 to 
50.33 percent , with an average of 14.18 percent , in the 
matr ix of Bagra conglomerates . Both sed imentary and 
metamorphic rock fragments occur i n t h e given t h i n 
sec t ions . The sedimentary rock fragments include shale, 
s i l t s t o n e , che r t (Plate-7A) . Metamorphic rock fragments 
include low rank a r g i l l i t e s such as p h y l l i t e , quar tz i te , 
s l a t e e t c . 
Feldspar 
Feldspars cons t i t u t e a small percentage of d e t r i t a l 
framework in each formation. They comprise 0.59 to 
3.50 percent averaging 1.99 percent in Pachmarhi, 1.0 to 
7.40 percent averaging 3.07 percent in Denwa, and from 
0.23 to 17.44 percent with an average of 7.93 percent in 
the Bagra Formation (Appendix-1) . 
Feldspars are recognized by cleavage, a l t e r a t i o n and 
twinning p r o p e r t i e s . They are medium t o f ine grained and 
subangular t o subrounded in o u t l i n e . The v a r i e t i e s of 
feldspar here recognized are o r thoc lase , p lagioclase and 
microcline. Microcline showing cross-hatched twinning i s 
more conspicuous than or thoclase . Few p e r t h i t e grains 
are a l s o observed which a re p r o b a b l y due t o 
c r y s t a l l i z a t i o n of the p lagioclase wi th in the potash 
feldspar by exsolut ion a c t i v i t i e s in the parent rocks of 
the g r a n i t i c o r i g i n . The f e l d s p a r a r e most ly f resh 
presenting a c l e a r appearance. 
PLATE-7A. Photomicrograph of Bagra Sandstone showing large rock 
fragments of siitstone and chert ( X 50). 
B. Photomicrograph of Pachmarhi Sandstone showing subrounded 
to rounded detrital quartz grains.The grain contacts are generally 
long, concavo-convex and slightly sutured (X 50). 
PLATE-7 
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Mica 
Both muscovite and biotite occur as small to large 
elongated flakes with frayed ends. Mica ranges from 0.27 
to 3.40 percent average 2.16 percent in Pachmarhi, 0.0 
to 0.56 in Denwa, and from 0.79 to 13.15 percent, with 
an average of 5.51 percent in the Bagra Formation. 
Detrital mica grains often show the effects of 
compaction; such grains are seen to curve around the 
adjacent quartz. 
Mineral Cement 
Three principle types of mineral cement namely iron 
oxide, silica and carbonate are present in sandstone of 
studied thin sections while clay occurs as matrix. 
Iron Oxide 
I t i s brownish in colour in plane po la r i sed l ight 
and dark brown/black in cross n i c o l s . I t mainly occurs 
as t h i n c o a t i n g around d e t r i t a l c o n s t i t u e n t s of 
sandstone except those in highly condensed v a r i e t i e s 
where t h i s coat ing become discontinuous' or almost absent 
depending upon the degree of condensation of framework 
cons t i tuen t s . In most of the s tudied t h in sec t ions iron 
oxide i s p r e sen t . The iron oxide so present probably 
der ived from weather ing and l e a c h i n g of the 
ferromagnesium s i l i c a t e s in the source area . 
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S i l i c a Cement 
Next t o i ron oxide i s s i l i c a cementing m a t e r i a l . I t 
i s found as au th igen ic q u a r t z i n o p t i c a l c o n t i n u i t y wi th 
d e t r i t a l qua r t z g ra in s forming secondary enlargement 
(Pla te-7B) s p e c i a l l y i n Pachmarhi sands tone . 
The amount of s i l i c a cement v a r i e s from sample t o 
s a m p l e depend ing upon d e g r e e of c o n d e n s a t i o n and 
p r e s s u r e s o l u t i o n undergone by t h e r o c k s . Predominant ly , 
i t i s found in Pachmarhi and Denwa sands tones . 
Carbonate Cement 
Carbonate cement shows p a t c h y d i s t r i b u t i o n . The 
p a t c h e s c o n s i s t of a c r y s t a l l i n e mass enc los ing s e v e r a l 
d e t r i t a l g r a i n s . The b o u n d a r i e s of r ep laced d e t r i t a l 
g r a i n s a r e markedly e t c h e s and corroded by a d j o i n i n g 
c a l c i t e cement. Few d e t r i t a l g r a i n s have been forced 
a p a r t by p r e c i p i t a t i o n of cement a l o n g i n c i p i e n t 
f r a c t u r e , and phys ica l and o p t i c a l c o n t i n u i t y of such 
g r a i n s have been des t royed . The o r i g i n a l t e x t u r e of t h e 
sands tone has been modified a s a r e s u l t of replacement 
of d e t r i t a l g r a i n s by c a r b o n a t e cement b u t t h i s 
m o d i f i c a t i o n i s no t e x t e n s i v e i n view of p a t c h y 
d i s t r i b u t i o n of carbonate cement . The carbona te cement 
i s g e n e r a l l y p r e s e r v e d i n Bag ra s a n d s t o n e , l e s s i n 
Pachmarhi sandstone and a b s e n t i n Denwa sands tone . 
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Clay Matrix 
Most of t h i n s e c t i o n s c o n t a i n d e t r i t a l c l a y m a t r i x . 
The amount v a r i e s from sample t o sample d e p e n d i n g upon 
two f a c t o r s one i s c o n d e n s a t i o n of f ramework and o t h e r 
how much p e r c e n t a g e of l a b i l e r ock f r a g m e n t s a r e p r e s e n t 
i n t h e r o c k , t h e l a t t e r y i e l d i n g s e c o n d a r y m a t r i x . 
T h r e e v a r i e t i e s o f i n t e r s t i t i a l c l a y m a t r i x a r e 
i d e n t i f i e d on t h e b a s i s of i t s o c c u r r e n c e , c o l o u r and 
r e l a t i o n w i t h t h e f r a m e w o r k c o n s t i t u e n t ( D i c k i n s o n , 
1970; P e t t i j o h n e t a l . , 1972 p . 2 1 1 ) : 
a) O r t h o m a t r i x : I t i s f i n e - g r a i n e d , g r a n u l a r i n n a t u r e , 
s t r u c t u r e l e s s , p a l e brown i n c o l o u r and 
f o r m t a n g e n t i a l c o a t i n g o n d e t r i t a l 
g r a i n . 
b) P r o t o m a t r i x : I t i s f i n e g r a i n e d , o c c u p i e s t h e p o r e 
s p a c e c . The q u a r t z and o t h e r d e t r i t a l 
s o n s t i t u e n t s a r e s u r r o u n d e d by m a r i x 
{ P l a t e - 8 ) . 
c) P s e u d o m a t r i x : Brown i n c o l o u r , c o a r s e r t h a n 
o r t h o m a t r i x h a v i n g c o r r o d e d c o n t a c t s 
w i t h d e t r i t a l g r a i n s , o c c u p i e s l a r g e 
p o r e s p a c e s whereve r a v a i l a b l e . 
PLATE-8. Photomicrograph showing floating grains in clay matrix 
(paramatrix). Bagra Sandstone (X 45). 
PLATE-S 
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CLASSIFICATION OF SANDSTONE 
During the last four decades or so a number of 
petrographers have contributed to the problem of 
sandstone classification (Folk, 1951, 1954, 1968, 1980; 
Klein, 1963; PettiJohn, 1954, 1957; McBride, 1963; Dott, 
1964; Casshyap, 1969). These classifications are widely 
used depending upon texture, composition and origin of 
sandstone. 
The classification of sandstone is devised with a 
view to summarize important descriptive and genetic 
features of a particular rock. Each of the proposed 
classification differs from the other either in kind or 
emphasis of attributes upon which the scheme is based, 
depending upon a particular goal. In the present study 
sandstones were classified into two ways; Cassyhap's 
(1969) classification was employed for the nomenclature 
and description of the sandstones; and classification 
proposed by Dickinson and Suczek (1979) and Dickinson 
(1985) was used for the interpretation of tectono-
provenance type. Based on amount of matrix, sandstones 
are called arenites when matrix is <1S% and wackes if 
matrix is >15% . Since Pachmarhi, Denwa and Bagra 
sandstones contain <15% matrix, they belong to arenite 
groups. To classify the sandstones on compositional 
maturity, the modal analysis of each sample, recorded in 
Appendix-I, was recalculated to 100% in terms of 
quartz resistates, feldspars and labile rock fragments 
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including detrital mica, and plotted in triangular 
diagrams (Fig.12). It is observed that all the 30 plots 
of Pachmarhi sandstone lie in quartzarenite class; of 
the ten plots of Denwa 9 lie in guartzarenite and one in 
subarkose class. However, out of 20 plots of Bagra 
sandstone 6 are litharenite, 5 sublitharenite, 4 
.subarkose, 3 guartzarenite, and 2 lie in arkose class. 
Sublitharenite refers to lithic sandstone with 5 to 25 
percent rock fragments, 0 to 10 percent feldspar, and 65 
to 95 percent quartz (Mac Bride 1963, p. 667). Likewise, 
the term 'Subarkose' has been suggested for feldspathic 
sandstones containing 12.5% feldspar and generally 
lacking in rock fragments. PettiJohn et al., 1973, p. 171 
defined subarkose containing 5 to 25% labile components, 
of which feldspar exceeding rock fragments. Arkose is an 
arenite having 25 percent or more feldspar (William et 
al, . 1954, p. 294). Casshyap (1969) has also accepted 
25% feldspar as the lowest limit for arkose and 5% for 
subarkose. 
To sum up, the common quartz is dominant (62-89%) 
averaging 78.15% in Pachamrhi, 81.80 percent in Denwa, 
and 55.88 percent in the Bagra Formation, whereas vein 
quartz averages 3% in Pachamrhi, 5.55 % in the Bagra 
Formation. Recrystallized metamorphic quartz averages 
4.20% in Pachmarhi, 2.22 % in Denwa and 4.12% in Bagra. 
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Common quar t z i s d e r i v e d mainly from g r a n i t e 
b a t h o l i t h or g r a n i t e g n e i s s e s . Vein qua r t z s u g g e s t s 
de r iva t ion from pegmati tes , hydrothermal and much more 
r a r e l y sedimentary ve in f i l l i n g s . R e c r y s t a l l i z e d 
metamorphic qua r t z i n d i c a t e s d e r i v a t i o n from 
metaquar tz i te , highly metamorphosed and gne iss ic rocks. 
Strectched metamorphic quar tz was probably derived from 
g r a n i t e , sch i s t s or quartz ve in . 
The mica g r a i n s i n c l u d i n g muscovite and b i o t i t e 
represent a source comprising grani tes , pegmatites or 
s c h i s t s . Likewise, t he f e l d s p a r s ( o r t h o c l a s e , 
microcl ine , pe r th i t e ) i nd i ca t e a source comprising acid 
igneous rocks, g ran i te and g r a n i t e gneisses. 
Among the l i t h i c fragments, namely shale, s i l t s t o n e , 
s l a t e , chert , p h y l l i t e , q u a r t z i t e and sch i s t ind ica te 
d e r i v a t i o n from both sed imentary and metamorphic 
t e r r a i n s . 
PETROFACIES AND TECTONIC SETTING 
Following Dickinson (1985) scheme an a t t empt of 
pe t ro fac ie s analysis has been made in order to i n t e r p r e t 
t e c t o n i c se t t ing of the provenance of Pachmarhi, Denwa 
and Bagra Formations. 
The d e t r i t a l modes were calculated to 100% as the 
sum of Qm, Qp, P, K, Lv and Ls (Appendix-II) . 
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Classification and Symbol of Grain Types 
A) Quartzose grains (Qt=Qm+Qp):-
Qt= total quartzose grains 
Qin= monocrystalline quartz 
Qp= polycrystalline quartz 
B) Feldspar grains (F=P+K). 
P = plagioclase grains 
K = K-feldspar 
C) Unstable lithic fragments (L=Lv+Ls) : 
L = total unstable lithic fragments 
Lv= volcanic/metavolcanic lithic fragments 
Ls= sedimentary/metasedimentary lithic fragments 
D) Total lithic fragments (Lt= L+Qp) . 
In this scheme the intrabasinal and heavy minerals 
are excluded due to their different response to 
hydrodynamic and geochemical influences which make 
their volumetric distribution variable (Zuffa, p. 335) . 
Similarly extrabasinal carbonate grains or detrital lime 
clasts (Lc) , if any, are also not considered with other 
lithic fragments. The two triangular diagrams (Figs. 13, 
14) show compositional field characteristics of 
different provenance: Qt-F-L with emphasis on maturity; 
and Qm-F-Lt, with emphasis on source rock . 
For study of provenance, the present study employed 
two triangular diagrams: Qt-F-L and Qm-F-Lt (Dickinson, 
1985) . 
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Table -5: Charaterlstics of triangular plots denoting their 
utility in provenance studies. 
Triangular Diagram Significance 
Qt-F-L Maturity, grain stability (mechanical and 
chemical), provenance relief, transport 
mechanism and source rock composition. 
Qm-F-Lt Composition and grain size of source rock. 
Qp-Lv-Ls Nature and abundance of stable, 
polycrystalline components and unstable 
lithic grains. 
Qm-P-K Nature and abundance of the monocrystalline 
framework population. 
Petrofacies Characteristics 
Petrofacies analyses have been undertaken in order 
to interpret tectonic setting of the provenance. The Qt-
F-L plot of Pachmarhi and Denwa (Fig.13) indicate a 
continental block provenance, and clustering around Qt 
apex further suggests a stable continental cratonic 
source and more specially a cratonic interior 
provenance. The Qm-F-Lt plot (Fig.14) gives similar 
results by showing clustering on Qm apex for both 
Pachmarhi and Denwa Formations. In contrast to Pachmarhi 
and Denwa plots, the Bagra sandstone samples are more 
lithic and Qt-F-L plots (Fig. 13) show a wider scatter 
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and indicate s table c r a ton i c t o t r ans i t i ona l con t inen ta l 
s o u r c e . The Qm-F-Lt p l o t s , however, i n d i c a t e a 
c o n t i n e n t a l block t o a r e c y c l e d orogen provenance 
suggesting a mixed input in the sedimentary basin.Qt-F-L 
and Qm-F-Lt diagrams may be employed for d i scr imina t ion 
of sands derived from va r ious types of provenances in 
cont inen ta l blocks, and recyc led orogens. 
As a whole pe t ro fac i e s analyses indica te tha t the 
d e t r i t a l component of Pachmarhi and Denwa Formations 
were derived mainly from con t inen ta l , c ra ton ic source, 
e spec i a l l y a cratonic i n t e r i o r . Unlike Pachmarhi and 
Denwa, the d e t r i t a l c o n s t i t u e n t s of Bagra Formation were 
d e r i v e d from t r a n s i t i o n a l c o n t i n e n t a l e s p e c i a l l y 
u p l i f t e d s u p r a c r u s t a l r e c y c l e d s t r a t a . 
Indeed, the con t inen ta l blocks to the south, e a s t , 
and north of Satpura bas in a re t ec ton ica l ly consol idated 
regions composed e s s e n t i a l l y of amalgamations of ancient 
orogenic be l t s that have been eroded to t h e i r deep 
s e a t e d roo t s and lack any r e l i c t g e n e t i c r e l i e f . 
Recycled orogens i n c l u d e t h e deformed and u p l i f t e d 
s u p r a c r u s t a l s t r a t a , dominan t ly sedimentary but a l s o 
volcanic in pa r t , exposed in var ied fold th rus t b e l t s of 
orogenic regions. 
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HEAVY MINERALS 
A Study of heavy mineral assemblage of Mesozoic 
Gondwana sediments of Satpura basin is carried out to 
supplement the results of petrographic, petrofacies and 
provenance study. The present study deals with the 
description and characteristics of heavy minerals of 19 
sandstone specimens from Pachmarhi, Denwa and Bagra 
sandstones. 
Method o£ Study 
Each sample used for separation of heavy minerals 
consisted of about 5 gm of very fine sand fraction 
caught on ASTM mesh No. 100 (aperture cross-section 
0.149 mm). These samples were digested in hydrochloric 
acid and heated for 10 minutes or so to remove the 
coating of iron oxide from the grains. The heavies were 
separated by centrifuge method described by Griffiths 
(1967, p. 208) and Bromoform as separating liquid. The 
heavy mineral crop so obtained was washed by Ethanol, 
dried, weighed, and a portion was mounted in Canada 
balsam for examination under a petrological microscope 
jx) study mineral frequency distribution for each slide. 
Table. 6 and Fig 15 show the average percentage of 
the heavy minerals in Pachmarhi, Denwa and Bagra 
Formations. 
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Table •€ Average percentage of heavy minerals of Pachmarhi, 
Denwa and Bagra Formations. j i 
i 
Mineral Pachmarhi Denwa Bagra 
Tourmaline 14.6 14.1! 4.03i 
Epidote i 16.691 
1 ' i : 1 
1 i i 
Kyanite 5.8 6.9 7.8 
1 , j 
Rutile 9.26 10.7i 0.53 i 
! i 
Homblende i 4.72 > 
i i 
Sillimanite { 4.581 
Actinolite i 0.42 
1 i 
Zircon 13.22 \ 9.79 
i 
Biotite 0.4 ! 
\ 1 
Muscovite | 
Spinel 
Garnet 8.59 9.3 
i 
Opaques ; 48.03 ! 47 
! 1.91 
< 
1.33 
3.78 
7.36 
46 
1 
Total Average 
10.91 
5.56 
» 
6.83 
6.83; 
1 1 
1.56i 
1.52 
0.14 
7.67 
1 i 
0.44 ! 
1 j 
0.44; ; 
1 i 
1.26 
8.41 
47.01 
1 1 
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Fig.15 Bar diagram showing relative distribution of heavy mineral assemblage 
in Pachmarhi, Denwa and Bagra Formations. 
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Heavy minerals of Pachmarhi and Denwa Formations as 
i d e n t i f i e d i s each sample a r e more or l e s s a l i k e 
compos i t i ona l l y , as fo l lows in dec reas ing o r d e r of 
abundance: tourmaline, z ircon, r u t i l e , garnet, kyan i te , 
b i o t i t e and opaques. Unl ike Pachmarhi and Denwa 
Format ions , the heavy s p e c i e s of Bagra Format ion 
i n c l u d e : ep ido te , k y a n i t e , g a r n e t , ho rnb lende , 
s i l l i m a n i t e , tourmal ine , s p i n e l , b i o t i t e , muscov i t e , 
r u t i l e , a c t i no l i t e and opaques. 
TourmallTie 
I t i s an important d e t r i t a l cons t i tuent occurring in 
Pachmarhi (14.60%), Denwa (14.10%) and Bagra (4.03%) 
Formations. Based on colour, th ree v a r i e t i e s are present 
i . e . brown, green and yellow. The brown tourmaline i s 
u s u a l l y elongated in form and p r i s m a t i c in shape , 
subangular, though few are subrounded (Plate-9) . The 
green and yellow v a r i e t i e s a r e subangula r . The 
tourmaline grains show strong pleochroism. 
Epidote 
The epidote grains are yellow, greenish yellow in 
colour, while some are colourless. The average 
percentage of epidote occurring in Bagra Formation is 
(16.69%). In Pachmarhi and Denwa Formations the epidote 
are absent. The grains are generally prismatic and 
subrounded (Plate-9) . 
PLATE-9. Photomicrograph showing a set of typical heavy mineral species. 
P L A T E - 9 
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Kyanlte 
Commonly k y a n i t e g r a i n s a r e c o l o u r l e s s . However , few 
g r a i n s show l i g h t p i n k o r p a l e b l u e c o l o u r and weak 
p l e o c h r o i s m . The g r a i n s a r e s u b a n g u l a r t o s u b r o u n d e d , 
p r i s m a t i c w i t h r e c t a n g u l a r o u t l i n e . The k y a n i t e o c c u r 
r e l a t i v e l y i n l e s s amount i n Pachmarh i ( 5 . 8 0 % ) , Denwa 
(6.90%) and a l s o i n B a g r a (7 .80%) . 
R u t i l e 
Rutile is deep reddish brown in colour, exhibiting 
weak pleochroism. The border shows dark brown colour 
while central part is light brown. The grains are 
angular showing irregular shape (Plate-9). On an average 
rutile occurs more in Pachmarhi (9.20%) and Denwa 
(10.70%) Formations than Bagra (0.53%). 
Hornblende 
Hornblende is dark green to brown in colour, and 
show pleochroism. The grains are elongated. The average 
percentage of hornblende is 4.72% in Bagra, it is almost 
absent in Pachmarhi and Denwa Formations. 
Sillimanite 
It is found as colourless, small slender prismatic, 
fibrous grains with high relief. It occurs (4.58%) in 
the Bagra Formation, and not found in Pachmarhi and 
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Denwa Formations. 
Zircon 
It is yellow and brown in colour. The grains are 
generally euhedral (Plate-9), prismatic, and occur in 
Pachmarhi (17.54%), Denwa (9.79%) and in Bagra it is 
almost absent. 
Muscovite 
Muscovite c o n s t i t u t e s 1.33% in t h e Bagra 
Formation. The Pachmarhi and Denwa Format ions are 
generally lacking in muscovite. 
Garnet 
Garnet i s commonly l igh t purple in co lour . Three 
v a r i e t i e s based on colour include purple , co lou r l e s s and 
brown. The l i g h t p u r p l e and c o l o u r l e s s v a r i e t i e s 
predominate in these formations. The gra ins a re roughly 
equidimensional and g e n e r a l l y a n g u l a r , w i t h su r face 
showing concoidal f r a c t u r e . I t c o n s t i t u t e s about 8.58% 
of the heavies in Prfchmarhi, 9.30% in Denwa, and 7.36 % 
in Bagra. 
Actinolite 
V 4 
I t i s pale green iti'^ iGC>3jOttr-;,:^ Gi^ 'j^ *f the g r a i n s are 
p r i s m a t i c , e l o n g a t e d ( P l a t e - 9 ) and having l o n g i t u d i n a l 
c leavages . l t c o n s t i t u t e s about 0.14 % on an average in 
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Bagra sandsone. 
Opaques 
Generally these minerals are considered as nuisance 
and always discarded, despite the fact that they 
commonly form the bulk of the heavy crop and are useful 
for provenance determination (Blatt et al., 1982), 
Opaques are abundant in all the samples and grains are 
angular to subrounded. It is found 48.03% in Pachmarhi, 
47% in Denwa and 46% the in Bagra Formation. 
CHAPTER-VII 
DEPOSITIONS. EMVIROMMEMT AMD PROVENANCE 
The ultimate aim of present investigation is to 
unfold the sedimentation history of the Upper Gondwana 
sediments with special reference to Pachmarhi, Denwa and 
Bagra Formations of Satpura Gondwana basin of central 
India, (Madhya Pradesh). A sedimentary rock is by and 
large a complex of physical, chemical and biological 
conditions under which a sediment accumulates (Krumbein 
and Sloss, 1963) in which the clastic sediments are the 
residues derived from the pre-existing rocks due to 
physical and chemical weathering (PettiJohn, 1957; 
1975) . In recent years there has been increasing 
interest and emphasis on the synthesis of sedimentary 
facies, facies assemblage, and depositional environments 
of ancient and recent sediments (Pettijohn, 1975; 
Walker, 1984; Reading, 1986; Miall, 1984a; 1993; 
Einsele, 1992) . The sedimentological evidence from 
facies analysis, paleoflow and paleodrainage, texture, 
petrography and heavy mineral analysis are used for 
understanding the depositional history of the given 
sediments. Facies analysis in particular, provides 
evidence for reconstruction of environment of deposition 
and prevailing hydrodynamic processes during the 
deposition of these sediments. Paleocurrent analysis and 
petrographic study provide useful evidence in respect of 
the paleoslope and paleodrainage of the basin, including 
composition and location of the provenance providing 
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sediments . Indeed, t h e g r e a t t h i c k n e s s of Pachmarhi 
sandstone (>750 m) and common lack of a s soc ia t ed fine 
e l a s t i c s made i t unique and in te res t ing to analyse these 
sequences, v i s - a - v i s overlying arg i l laceous Denwa and 
conglomeratic Bagra. The ult imate aim i s t o decipher the 
sedimentary evolut ion of the Mesozoic Satpura Gondwana 
rocks in t h i s p a r t of Satpura bas in w i t h s p e c i a l 
reference to depos i t iona l events and models based on 
sequences of modern and ancient f luv ia l environments 
(Walker, 1976; Mial l , 1977; Reading, 1986 e t c ) . 
Pachmarhi Formation 
This predominantly arenaceous assemblage cons i s t s 
of recurring sequences of mult istorey sandstone bodies, 
which are by and la rge conglomeratic, pebbly, coarse 
g ra ined and p r o f u s e l y cross-bedded t o h o r i z o n t a l l y 
bedded in lower p a r t , exhib i t ing progressive decrease in 
thickness and g ra in s i z e towards top of each recur r ing 
sequence (Fig.16). The individual sandstone bodies are 
commonly e longa ted o r o r i e n t e d in t he d i r e c t i o n of 
d e p o s i t i n g s t r eams and l o c a l l y o r i e n t e d 
d iagona l ly / t r ansver se l ly . These may well be a t t r i b u t e d 
t o l o n g i t u d i n a l / d i a g o n a l / t r a n s v e r s e sand b a r s i n the 
channel framework of low sinuosi ty (bed load) braided 
streams (Miall, 1977; Walker, 1979). Evidence c i t e d for 
such i n t e rp re t a t i ons include mult is torey sand bodies 
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Fig.l6 A generalised fades model and intrepretation of Pachmarhi Formation. 
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with uneven (? e ros iona l ) basal contact , upward decrease 
in grain s i ze and thickness (scale) of cross-bedded 
u n i t s , and s i m i l a r i t y in f ac i e s assemblage with 
e s sen t i a l ly u n i d i r e c t i o n a l paleocurrent . The frequent 
migration of these channel bars , a common phenomena of 
braided r i v e r s , , have possibly resul ted in m u l t i l a t e r a l 
coalescing sandstone bodies. Locally, the longi tudinal 
and diagonal channel bars are progressively replaced by 
linguoid b a r s . Transverse channel sand bars comprising 
very c o a r s e , c o a r s e to medium sand a l s o developed 
local ly p a r t i c u l a r l y in the middle and upper pa r t s of 
the Pachmarhi Formation. Thin layers of c las t - suppor ted 
conglomerate and subrounded qua r t zose p e b b l e s in 
cross-bedded sandstone occurring in the basa l pa r t and 
occassionally a t i n t e r v a l s throughout the assemblage may 
suggest pe r iod ic u f l i f t of source rocks with supply and 
d e p o s i t i o n of f i n e t o medium s i z e d , subangu la r to 
rounded g r a v e l s i n shallower p a r t s of mig ra t ing 
dunes/bars by s t rong turbulent cur ren ts . 
Besides the var ious deposit ional f ea tu re s referred 
to above, the abundance of sandstone l i t h o f a c i e s and 
unimodal pa leocur ren t with high vector s t r e n g t h (75%) 
and low current v a r i a b i l i t y (47°) are o the r features 
commonly assoc ia ted with low sinuous bed load (braided) 
streams of the type which are known to ca r ry large 
amount of coarse t o medium sand deposited dominantly as 
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sand b a r s and l o c a l l y as sand dunes (Mial l ,1977; 
Wa lke r , 1979 ) , The sporad ic occu r r ence of f ine 
s a n d y / s i l t y e l a s t i c s as th in l e n t i c u l a r interbeds of 
shale in the upper part of many f in ing upwards cycl ical 
sequences imply r e s t r i c t ed and l o c a l i s e d deposition and 
(or) p rese rva t ion of fine e l a s t i c s in lean periods, 
fu r the r corroborat ing the content ion of low sinuous 
n a t u r e of d e p o s i t i n g s t reams d u r i n g Pachmarhi 
s e d i m e n t a t i o n . The a f o r e s a i d b r a i d e d r i v e r model of 
Pachmarhi i s closely akin t o the P l a t t e - t ype r iver or 
more gene ra l l y Saskatchewan-type model of Miall (1977, 
1985) . Figure 17 i l l u s t r a t e s the schematic deposit ional 
model and p a t t e r n of sedimentation of the Pachmarhi 
Formation. 
Considerable thickness (-750 m) of sandstone and 
recurrence of fining upward mul t i s to rey sandstone bodies 
may be a t t r i b u t e d to con t inued subs idence of (?) 
downfaul ted ba s in (Saxena, 1973) . The r i v e r system, 
however, maintained i t s s teeper s lopes and streams 
remained by and large braided with paleodrainage and 
p a l e o s l o p e d i r e c t e d dominant ly towards northwest 
t h roughou t t h e course of Pachmarhi sed imenta t ion . 
Furthermore, the Pachmarhi sandstones dip gently (5° to 
10 ) towards nor thwes t -nor th in t h e d i r e c t i o n of 
p a l e o s l o p e wi th occas iona l t endency t o becoming 
h o r i z o n t a l . I t i s , t h e r e f o r e , sugges t ed tha t the 
Fig.l7 Schematic depositional model of braided river system for the Pachmarhi 
Formation, Satpura Basin. 
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e x i s t i n g d ip p a t t e r n of Pachmarhi sandstone may 
correspond with the o r ig ina l configuration of the bas in 
which was gen t ly t i l t e d towards n o r t h . The 
n o r t h w e s t e r l y d i r e c t i o n of sediment t r a n s p o r t and 
paleoslope pe r s i s t through time and across the bas in 
upto the ex i s t ing northern l imi t of the formation, which 
e v i d e n t l y impl ies t h a t d e p o s i t i o n a l l i m i t of t h e 
Pachmarhi basin extended fa r ther north beyond the 
e x i s t i n g nor the rn boundary in the d i r e c t i o n of 
pa leos lope . Thus, the Pachmarhi basin which was 150 km 
wide from east to west, extended from Tamia in the south 
to as fa r as Son-Narmada Lineament Zone and poss ib ly 
fur ther nor th beyond the ex i s t ing boundary (Casshyap e t 
a l . , 1993b). 
Denwa Formation 
Lithofacies assemblage of the Denwa Formation i s 
cha rac te r i sed by recurr ing f ining upward sequences of 
c ro s s -bedded channel sandstone in lower p a r t and 
mudstone and shale in upper p a r t (F ig .18 ) . The 
p a l e o c u r r e n t p a t t e r n e x h i b i t s fan-shaped unimodal 
d i s t r i b u t i o n with p r i n c i p a l mode d i r e c t e d towards 
northwest, north, and northeast represent ing deposi t ion 
by meandering stream. Overall , the finning upward 
cross-bedded sandy facies may well be a t t r i bu t ed t o 
channel or as point bars , and overlying mudstones and 
Foci»s Mod* Foei»^„„^„?, Cod* ^yc,y I 
Poico 
current 
ir*ction 
1 Inter pretotion 
I 
\ 
\ 
Bachswomp/ 
Crevasse sploy 
Chonnel dunes 
L bors 
Bockswomp/ 
Crevasse sploy 
Overbank deposit 
Channel dunes 
& bors 
Fig. 18 A generalised facies model and interpretation of Denwa Formation. 
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ca l ca reous s h a l e s t o the adjo in ing overbanks and 
backswamps, as shovm schematically in Figure 19. 
Bagra Formation 
The Bagra Formation which occurs along the northern 
margin of the Sa tpura bas in t r a n s g r e s s e s var ious 
under ly ing format ions i nc lud ing Pachmarhi, Denwa, as 
a l so Talchir , and Precambrian. I t i s e s s e n t i a l l y a 
conglomerat ic sands tone assemblage. Commonly the 
sequence commences with matrix supported (Gms-facies), 
followed by c las t - suppor ted conglomerate (Gm-facies), 
pebbly coarse sandstone and f inal ly ends with mudstone 
and shale in the upper pa r t as shown diagrammatically in 
Figure 20. The important cha rac t e r i s t i c s of Gms-facies 
with respect to depos i t ional processes include poorly 
s o r t e d coarse conglomerate c o n s i s t i n g of p e b b l e s , 
cobbles and boulders, commonly subangular to angular , 
s e t in sandy/muddy m a t r i x . Occurring as c o a l e s c i n g 
s h e e t - l i k e b o d i e s , i t i s e s s e n t i a l l y massive and 
polymictic in composition. This facies forming basa l 
par t of the formation and occurring along the nor thern 
margin, possibly represen ts viscous debris flows in the 
proximal reaches of a l l u v i a l fan. The associa ted c l a s t -
suppor ted conglomerate (Gm) f a c i e s c o n t a i n i n g 
subrounded polymictic c l a s t s occur as local in te rbeds 
in Gms f a c i e s , but g r adua l l y as wel l deve loped 
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Fig.20 A generalised facies model of Bagra Formation. 
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assemblage downslope towards sou th , r e p r e s e n t i n g 
reworked gravels by out -flushing waters of a l l u v i a l 
fan. The clast-supported (Gm) conglomerate f ac ies i s 
well developed between proximal and d i s t a l p a r t s in 
medial part of out spreading fans. The d i s t a l f ac i e s i s 
characterised by pebbly , cross-bedded coarse t o medium 
grained sandstone, with overlying mudstone and shale 
forming upper par t of the Bagra Formation. The s i ze 
gradation from coarse t o f ine e l a s t i c s through time and 
ac ross the formation , through space , i s i n t h e 
d i r e c t i o n of southwardly pa l eocu r r en t and p a l e o s l o p e 
which evidently underwent a reversal from nor th to 
south during Bagra sed imen ta t ion as brought out by 
pa leocur ren t s tudy (Fig .7) d i s c u s s e d e a r l i e r . 
Considering t h i s type of sequence in terms of down fan 
changes in l i thofac ies and pa r t i c l e s ize as observed in 
c e r t a i n modern fans (Rust, 1978) , t h e r e a r e 
p o s s i b i l i t i e s such as follows (Casshyap e t a l . , 1993a): 
An increasing r a t e of up l i f t in the source area 
provided a greater abundance of eroded debr i s through 
time. The production of coarser grained and increased 
quant i t ies of debris along with increased slope would 
probably have r e s u l t e d a fan p r o g r a d a t i o n and 
encroachment of progress ive ly coarse grained sediments 
over ea r l i e r fan-toe a r e a s . 
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In the lower reaches of alluvial fan it formed 
braided alluvial plain sand characterised by a down 
stream decrease in grain size, especially for sediments 
which constituted bars and a down stream variation in 
bar morphology. 
Combined evidence from the present study, including 
coarse grained nature of sediments, facies assemblage, 
fining upward distribution, petrography, paleocurrent, 
heavy mineral and grain size, suggest that the Bagra 
conglomeratic sequence may possibly have deposited as a 
coalescing alluvial fan braided complex that prograded 
southward from highland (source area) located 
immediately north of the present outcrop belt as 
schemetically shown in Figure 21. Tectonically, the 
preferred vertical sequence of Bagra comprising 
conglomerate, sandstone and shale closely resembles 
those of graben/half graben or rift basin (Burke, 1977; 
Burke and Dewey, 1973). Modern and ancient analogous of 
alluvial fan and braided river systems have been widely 
reported in recent years (Boothroyd and Ashley, 1975; 
Miall, 1977; Heward, 1978; Nemec and Steel, 1984; 
Ethridge, 1984). 
PROVENANECE 
Provenance deals with climate, relief and kind of 
source rocks from which the sediments were derived 
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Fig.21 Schematic alluvial fan model of the Bagra Formation in downfaulted 
trough to the south of uplifted highlands of Precambrian granite and 
metasediments. 
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(Pet t i john, 1957). The c l a s t i c sediments are bas ica l ly 
and fundamental ly i n s o l u b l e r e s i d u e s l e f t a f t e r 
chemica l and mechanical b reak down of p r e - e x i s t i n g 
r o c k s . The composition of t h e r e s u l t a n t sediment 
depends in par t on the nature of source rock(s) , r e l i ' ^ ' 
and c l imate , and in par t on i t s maturity which i s a 
measure of the extent to which the decompositional and 
hydrodynamic processes were c a r r i e d towards completion. 
Therefore, one of the aims of petrographic examination 
of framework const i tuents of sandstone was to find out 
the probable composition and poss ib l e location of the 
source area, taking in to account the evidence derived 
from paleocurrent study. 
According to sandstone c l a s s i f i c a t i o n a f t e r Mac 
Bride (1963), Dott (1964) , Casshyap (1969) and tha t 
recommended by Pett i john e t a l . , (1972), the Pachmarhi 
sandstone are en t i r e ly q u a r t z a r e n i t e , Denwa sandstone 
c o n s t i t u t e s about 90% q u a r t z a r e n i t e , and 10% subarkose. 
However, the Bagra sands tone c o n s i s t s of some 30% 
l i t h a r e n i t e , 25% s u b l i t h a r e n i t e , 20% subarkose , 15% 
qua r t za ren i t e and 10% arkose. 
Evidence from Detrital Quartz 
The d e t r i t a l qua r t z i s bo th p h y s i c a l l y and 
chemica l l y durab le and most abundant c o n s t i t u e n t of 
framework. I t has been used as a useful guide to 
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composition of provenance. In this study quartz types 
have been recognized and related to source rocks on the 
basis of shape, texture, extinction and mineral 
inclusions { Krynine, 1940; Blatt and Christie, 1963/ 
Folk, 1980; Blatt et al. , 1980). 
Common quartz or monocrystalline quartz is the 
predominant detrital component of the studied sandstone, 
Common quartz ranges from 62% to 89% (average 78%) by 
volume in Pachmarhi, 73% to 88% (average 81.80%) in 
Denwa and 34% to 72% (average 55.88%) in the Bagra 
Formation. Monocrystalline quartz is believed to have 
been derived largely from granitic and granite gneisses 
( Blatt and Christie, 1963; Folk, 1980) . This implies 
that granitoid and metamorphic including metasedimentary 
rocks were the main source of quartz in all the 
formations. 
Evidence From Feldspar 
The feldspar constitutes a small percentage of 
detrital framework in each formation. They comprise 
0.59% to 3.50% (average 1.99%) in Pachmarhi, 1.0% to 
7.40% (average 3.07%) in Denwa, and 0.23% to 17.44% 
(average 7.93%) in the Bagra Formation. The potassic 
varieties including orthoclase and microcline are more 
common than plagioclase. Presence of perthite grains in 
Bagra sandstone indicates that the parent rock is of 
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g r a n i t i c o r ig in . Excess of quartz over fe ldspar and 
o r t h o c l a s e over p l a g i o c l a s e may i n d i c a t e g r e a t e r 
weathering in source area and/or greater abras ion of 
sediments during t r anspo r t (Pettijohn et a l . , 1972,p.307). 
Evidence from Heavy Minerals 
Heavy minerals have long been used as a guide t o the 
composition of the source rocks (Krumbein and Pe t t i john , 
1938; Pett i john, 1975) . The heavy mineral s u i t of the 
Pachmarhi and Denwa sediments contains in p a r t i c u l a r 
tourmaline, z i rcon, r u t i l e , garnet, kyanite and opaques. 
Prismatic, angular to rounded, brovra and yellow coloured 
tourmal ine i s more common than z i rcon i n Pachmarhi 
sed iments . The we l l rounded tourmaline may s u g g e s t s 
g r e a t e r ab ra s ion and (or) long t r a n s p o r t a t i o n from 
source rocks or de r iva t ion from pre-exis t ing sedimentary 
rocks . The euhedral z i rcons are thought to have been 
derived from acid t o intermediate igneous rocks . 
The spec i e s p r e s e n t i n the Bagra Format ion a re 
e p i d o t e , k y a n i t e , g a r n e t , hornblende, s i l l i m a n i t e , 
t ou rmal ine , s p i n e l , b i o t i t e , muscovi te , r u t i l e , 
a c t i n o l i t e and opaques. Some of the species are by and 
la rge common in the Pachmarhi and Denwa Formations; 
o t h e r s l i k e e p i d o t e , hornblende, s i l l i m a n i t e , 
a c t i n o l i t e , muscovite and spinel are present only in the 
Bagra Formation. The presence of d i s t i n c t i v e heavy 
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mineral spec ies in the Bagra Formation ind ica tes that 
the sediments have been derived from d i f f e r e n t var ie ty 
of source rocks . 
The s i x v a r i e t i e s of heavy mineral spec ies including 
opaques from Pachmarhi and Denwa sandstones are by and 
large s imi l a r imlying that a s imilar provenance may have 
e x i s t e d t h roughou t the course of sed imenta t ion 
providing sediments for the above sandstone formations. 
The heavy minera ls are mostly of metamorphic origin and 
pa r t l y der ived from acidic and bas ic igneous rocks. 
Euhedral z i r c o n and tourmal ine (g reen , brown) 
charac te r i se g r a n i t i c source, and blue tourmaline are 
der ived from pegmati te rocks (Krynine , 1946; 
Poldervaart , 1950) . Contribution from bas i c rocks are 
indicated by the presence of opaques. I t i s concluded 
that the Pachmarhi and Denwa sediments have been derived 
from a mixed composit ion of provenance comprising 
p l u t o n i c i gneous rocks , low-medium and high grade 
metamorphic, and bas ic rocks. 
Dominance of epidote in Bagra sandstone suggests i t s 
der ivat ion from basic source (Krumbein and Pett i john, 
1938; Pe t t i j ohn , 1975). Other minerals l i k e opaques and 
r u t i l e a l so i n d i c a t e contribution from bas i c rocks, the 
l a t t e r may p a r t l y be derived from s h i s t s (Force, 1980) . 
Presence of va r ious species of garnet in almost a l l the 
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samples i n d i c a t e s source from medium t o high grade 
sch i s t s and gneisses (Krumbein and Pet t iJohn, 1938) . 
Occurrence of muscovite also favours the presence of 
sch i s t s and gneisses in the source area (Blatt et a l . , 
1980) . A p a r t of d e t r i t a l muscovite may have had i t s 
o r i g i n from a c i d igneous rocks i n c l u d i n g pegmet i t e s 
(Folk, 1980) . A small amount of a c t i n o l i t e a l s o 
i n d i c a t e s low to medium grade metamorphic r o c k s . 
Presence of s i l l iman i t e indicates i t s der ivat ion from 
metamorphosed argi l laceous rocks. Thus, various heavy 
mineral spec ies of Bagra sandstone suggest a provenance 
comprising bas ic rocks, acid igneous rocks , medium and 
high grade metamorphic rocks, and metasedimentary rocks. 
Evidence from Embedded Pebbles 
The embedded c las t s in conglomerate and sandstone 
provide t h e most r e l i a b l e and d i r e c t c lue to t he 
i d e n t i t y of source rocks compos i t ion . The embedded 
pebbles in Pachmarhi sandstone cons i s t of quar tz i te and 
vein qua r t z . Some pebbles are subrounded to rounded 
possibly due to long t ransport or prolonged abrasion 
which e l iminated unstable and metastable rock fragments 
from the sed iments . The embedded c l a s t s of Bagra 
conglomerate, however, comprise of red qua r t z i t e , green 
p h y l l i t e , r ed j ape r , g r a n i t e , g n e i s s , b a s i c igneous 
rocks and vein quartz. Thus, the l i t ho logy of embedded 
92 
c l a s t s i n d i c a t e s a d i s t i n c t i v e assemblage of 
metasedimentary rocks in the respective source a reas of 
Pachmarhi and Denwa on one hand, and Bagra on the o ther 
hand. 
Evidence from Rock Fragments 
Likewise, s a n d - s i z e d rock fragments in s a n d s t o n e 
framework are among the most informative of a l l d e t r i t a l 
components in diagnosing and determining the provenance 
composi t ion. They comprise 0.54% to 4.88% i n the 
Pachmarhi Formation (average 2.01%) of t h e rock by 
volume. Though l a c k i n g in Denwa Forma t ion . 
I n t e r e s t i n g l y , t h e i r pe rcen tage in Bagra Format ion 
ranges from 1.06% to 50.33% averaging 14.18%; the rock 
fragments inc lude s h a l e , s i l t s t o n e , c h e r t , p h y l l i t e , 
quar tz i t e and s l a t e e t c . 
The l a b i l e rock fragments of s e d i m e n t a r y and 
metamorphic o r i g i n a r e gene ra l l y not r e s i s t a n t t o 
abrasion and so a la rge par t was probably destroyed 
during t ranspor ta t ion of sediments . The l a b i l e rock 
fragments o c c u r r i n g in these sediments e v i d e n t l y 
i n d i c a t e d e r i v a t i o n from sedimentary and metamorphic 
rocks. 
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COMPOSITION OF PROVENANCE 
Combined evidence from composition and texture of 
m ine ra l s , p e b b l e s , sand-s ized rock f ragments , heavy 
minerals and Qt-F-L and Qm-F-Lt p lo t s suggest that the 
sediments were la rge ly derived from a mixed source of 
ac id , i n t e r m e d i a t e to bas ic p l u t o n i c igneous rocks, 
metasedimentary and metamorphic rocks. The sand sized 
d e t r i t a l metamorphic quar tz ( r e c r y s t a l l i s e d and 
s t r e t c h e d ) , v e i n qua r t z , and rounded heavy mineral 
species i nd i ca t e tha t phy l l i t e , s l a t e , s c h i s t , older 
sedimentary rocks and local ly pegmatite have also 
c o n t r i b u t e d sediments to the p r e s e n t r o c k s . Heavy 
mineral s p e c i e s and embedded c l a s t s i n d i c a t e a 
d i s t i n c t i v e assemblage of source rock for Pachmarhi and 
Denwa on one hand and Bagra on the o ther hand, as 
discussed above. 
LOCATION OF PROVENANCE 
There i s s t rong evidence on the bas i s of l i thology, 
mineralogy and cons i s t ency of p a l e o c u r r e n t d i r e c t i o n 
through time tha t the bulk of the sediments of the 
Pachmarhi and Denwa Formations were supp l i ed by 
northwest flowing current system ( Fig. 22) during Early 
T r i a s s i c (Pachmarhi) and Middle t o La te T r i a s s i c 
(Denwa), i n d i c a t i n g tha t the provenance supplying 
sediments to both the formations was s i t u a t e d to the 
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Gondwana rocks. Arrows indicate the deduced direction of sediment 
transport and location of provenance during Satpura sedimentation in 
the study area. 
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southeast of the study area . 
Contrary to Pachmarhi and Denwa, the Bagra Formation 
e x h i b i t s a r e v e r s a l of pa l eocu r r en t sys tem i . e . 
d i r e c t e d from n o r t h t o south implying t h a t the 
provenance in t h i s case was loca ted towards n o r t h -
northwest (Fig. 22) . 
At present, the outcrop t e r r a in towards south and 
southeast and to the north of Satpura basin i s made up 
of Precambrian complex. Figure 22, i l l u s t r a t e s the 
present day d i s t r i b u t i o n of Precambrian rocks t o the 
southeast and north of the study area, i . e . t he region 
where the highlands comprising provenance of Pachmarhi, 
Denwa and for the Bagra sediments, r e s p e c t i v e l y , were 
poss ib ly l o c a t e d . The arrows i n d i c a t e dominant 
paleoslope and sediment t ransport pa t te rn v i s - a - v i s the 
respective source for Pachmarhi, Denwa, and Bagra during 
the span of Mesozoic sedimentation in Satpura bas in of 
central India. 
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TECTONO-SEDIMENTARY EVOLUTION 
Mesozoic Satpura Gondwana basin witnessed at l e a s t 
two tectonic events . These events are manifested by 
t e c t o n i c d i s l o c a t i o n t h a t caused marginal u p l i f t s , 
downwarping, and deformation. These tec ton ic events have 
c o n t r o l l e d the l i t h o f a c i e s assemblage, p a l e o s l o p e , 
paleocurrent and s t r a t i g r a p h i c d ispos i t ion . 
The f i r s t t ec ton ic event i s manifested by the onset 
of Lower T r i a s s i c Pachmarhi sed imenta t ion which i s 
marked in the b a s a l p a r t by sudden i n c r e a s e of 
conglomerat ic , pebbly , g r i t t y coarse sands tone (F ig . 
23A) , as compared to the underlying fine e l a s t i c s of 
Upper Permian Bi jor i Formation. This evident ly r e f l e c t s 
tectonic up l i f t in the source area to the southeast of 
the Mesozoic basin during or pr ior to the deposi t ion of 
Pachmarhi Formation. Per iodic pulses of minor u p l i f t 
may have cont inued in t he source area du r ing lower 
Pachmarhi time as manifested by frequent in terbeds of 
pebbly conglomerate and pebbly sandstone. The pebbly, 
coarse sandy f a c i e s of the Pachmarhi Formation 
representing by and la rge braided r ive r assemblage i s 
o v e r l a i n by meandering r i v e r f a c i e s of the Denwa 
Formation. The progress ive change in l i t h o f a c i e s and 
grain size upward, from dominantly pebbly coarse to 
medium sandstone in Pachmarhi to medium t o f i n e 
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Fig.23 A. Schematic geological plan of Pachmarhi, Denwa and Bagra 
Formations (Not to scale). 
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B. Schematic geological section showing tectonic setting and paleo-
drainage during Pachmarhi, Denwa and Bagra sedimentations 
(Not to scale). 
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sandstone and interbedded shale and mudstone in the 
overlying Denwa, implies tha t source area became 
progressively peneplaned and basin got s tab i l i sed as 
sedimentation progressed following upl i f tment . The 
persistance of northwesterly paleoslope upto the end of 
Denwa sedimentation also corroborates the contention of 
general tectonic s t ab i l i t y . 
The second and las t tectonic uplift i s manifested in 
the north, r e su l t ing in the deposi t ion of Late 
Jurass ic /Ear ly Cretaceous Bagra conglomerate and 
sandstone-shale facies along the northern margin of the 
Mesozoic basin. This formation overlying the o lde r 
fonnations unconformably or against a faulted contact 
(s) represents an example of proximal and d i s t a l facies 
of al luvial fan in a r i f ted (? pull-apart) basin with a 
paleoslope directed from north to south (Fig. 23B). This 
event representing the termination of continental 
Gondwana sedimentation preceding the widespread 
eruption of Deccan Traps i s indeed a significant feature 
of Gondwana history and may well be related to the 
fragmentation of Indian subcontinent from Antartica in 
the Late Jurass ic /Ear ly Cretaceous (Casshyap, 1976; 
Craddock, 1979; Veevers and Tewari, 1975) and doming and 
r i f t i n g pr ior to erupt ion of Deccan Trap. As a 
consequence, northward s loping Peninsular cra ton was 
t i l t e d southward and small r if ted (pull-apart) basins 
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developed along the peripheral parts of the Gondwana 
basin of Peninsular India. In the north of the study 
area, the doming before the Deccan volcanism and 
tectonic movement along Son-Narmada Lineament caused 
upliftment of the Mahakoshal/Bijawar. This uplift was 
accompanied by reversal of the paleoslope and 
paleocurrent from north to south, as borne out by 
alluvial fan-braided complex of the Bagra Formation. 
CHAPTER-VIII 
SUMMARY AND CONCLUSION 
SUMMARY AND CONCLUSION 
The Mesozoic Gondwana rocks (Upper Gondwana) occur 
in northern part of Satpura basin of Madhya Pradesh, 
c e n t r a India ( F i g . l A ) , These rocks , r e p r e s e n t e d by 
Pachmarhi, Denwa and Bagra Formations, over l ie the Late 
Pa leozo ic (Permian) Lower Gondwana sequence, and in 
p laces d i rec t ly above the Precambrian basement (Fig. 2) . 
The present study deals with l i t ho fac i e s , pa leocurrent 
a n a l y s i s , t e x t u r a l and m i n e r a l o g i c a l compos i t ion , 
provenance, d e p o s i t i o n a l h i s t o r y , paleogeography and 
tectono-sedimentary evolution of the Mesozoic Gondwana 
rocks of Satpura basin. 
The main conclusions of t h i s study are summarised 
here under: 
1. The geology of study area was rechecked and l oca l l y 
remapped and three formations were duly de l inea ted on 
the b a s i s of t h e i r d i s t i n c t l i t h o l o g y , i n t e r -
r e l a t i o n s h i p and s t r u t u r a l s e t t i n g (Fig. 3 ) . The 
Gondwana rocks are here represented by Pachmarhi (Early 
T r i a s s i c ) , Denwa { Middle to Late Triassic) and Bagra 
(Late Ju r a s s i c to Ear ly Cretaceous) Formations in 
ascending order. The Pachmarhi (-750 m) i s predominantly 
arenaceous comprising pebbly, conglomeratic coarse to 
medium sandstone with th in in terbeds of fine sandstone 
and s h a l e . The Denwa Formation (-250 m) i s more 
a r g i l l a c e o u s than Pachmarhi comprising f requent 
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interbeds of sandstone, mudstone and shale. However, the 
Bagra Formation (-300 m) is typically a coarse clastic 
assemblage comprising polymictic conglomerate, sandstone 
and shale. The Pachmarhi and Denwa, believed to be 
Early, and Middle to Late Triassic respectively, shows a 
conformable relationship; the overlying Bagra lying 
faulted against or unconformably above the various 
underlying strata (Figs. 2,5) has been assinged to Late 
Jurassic - Early Cretaceous. 
2. Altogether fourteen lithofacies were recognised, with 
eight lithofacies in Pachmarhi and Denwa sequence and 
six lithofacies in the Bagra Formation. The lithofacies 
of Pachmarhi and Denwa Formations include: planar cross-
bedded sandstone (Sp) facies; trough cross-bedded 
sandstone (St) facies; horizontally bedded to gently 
inclined sandstone (Sh) facies; massive to faintly 
cross-bedded sandstone (Sm) facies; pebbly sandstone 
(Pb-S) facies; small scale cross-bedded fine-grained 
sandstone (Sr) facies; laminated to ripple laminated 
siltstone/shale (Fl) facies; muddy shale/carbonaceous 
shale (Fm) facies. 
The lithofacies constituting Bagra assemblage are : 
massive, matrix and clast supported conglomerate (Gms 
and Gm) facies; trough cross-bedded sandstone (St) 
facies; planar cross-bedded conglomerate (Gp) facies; 
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horizontal bedded sandstone (Sh) facies; laminated s i l t 
stone and s h a l e (Fl) f a c i e s . Each l i t h o f a c i e s was 
descr ibed for t e x t u r e , sedimentary s t r u c t u r e , 
morphology, and a s soc i a t i on . 
3 . Paleocurrent study of Pachmarhi, Denwa and Bagra 
Formations were undertaken to examine paleodrainage and 
paleoslope pa t t e rn during deposition of each formation. 
The study i s based on 798 readings of cross-bedding 
fo rese t d ip azimuths recorded from Pachmarhi (359), 
Denwa (201) and Bagra (238) Sandstones. The azimuthal 
data show that the Pachmarhi and Denwa sediments were 
deposi ted by r i v e r systems d r a i n i n g un i fo rmly and 
dominantly from southeast to northwest. However, during 
Bagra sedimentation the debris flows and pa leocur ren t s 
brought in te r r igenous debris and sand from north-
northwest t o s o u t h - s o u t h e a s t . Thus, t h e Bagra 
sedimentation demonstrates a reversal of paleos lope and 
pa l eocu r r en t s in c o n t r a s t to Pachmarhi and Denwa 
Formations, s ignifying that the sediments of the two 
se ts of formations, v i z . Pachmarhi and Denwa and those 
of Bagra were derived from different sources s i t ua t ed 
in opposite d i r e c t i o n s . 
4. Textural ana lys i s of sandstone i n d i c a t e s t h a t the 
bulk of Pachmarhi Sandstone is pebbly, coarse t o medium 
grained, Denwa i s medium to fine gra ined , and Bagra 
coarse to medium gra ined. By and l a rge , the Pachmarhi 
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and Denwa sandstones are moderately well to moderately 
sorted. However, the Bagra sandstone i s moderately and 
poorly sorted, to moderately well sorted, and local ly 
well sorted. Bulk of the sandstones, by and large, 
demonstrate pos i t ive ( + ) to negative (-) skewness. 
5. Petrographically, f ive types of sandstone constitute 
the Mesozoic Gondwana rocks of the study area. They are 
mainly quartzarenite, subarkose, l i thareni te , sublith -
arenite and arkose as l i s t e d below: 
Pachmarhi 
100% 
-
-
-
_ 
Denwa 
90% 
10% 
-
-
_ 
Bagr 
15% 
20% 
30% 
25% 
10% 
Quartzarenite 
Subarkose 
Litharenite 
Sublitharenite 
Arkose 
Quartz i s t h e most dominant mine ra l among the 
d e t r i t a l c o n s t i t u e n t s and includes v a r i o u s t ypes of 
quartz l ike common, vein , r ec rys t a l l i zed , and s t retched 
metamorphic qua r t z . L i th i c fragments cons i s t of shale, 
s i l t s t o n e , q u a r t z i t e , phy l l i t e , s l a t e with small amount 
of cher t / r ed j a s p e r . Three types of d e t r i t a l matrix 
(ortho-, p ro to - , and pseudomatrix) and th ree types of 
cementing mater ia l ( s i l i c a , iron oxide, and carbonate) , 
l o c a l l y , occupy t h e pore spaces of framework 
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c o n s t i t u e n t s in varying p r o p o r t i o n s . Heavy minera l 
assemblage i n c l u d e s , commonly, t o u r m a l i n e , z i r c o n , 
r u t i l e , ga rne t , kyanite and b i o t i t e in Pachmarhi and 
Denwa Format ions . The s p e c i e s p r e s e n t in Bagra 
Format ion a r e ep ido te , k y a n i t e , g a r n e t , hornblende, 
s i l l i m a n i t e , tourmal ine , s p i n e l , b i o t i t e , muscovi te , 
r u t i l e and a c t i n o l i t e . 
6. Quartzose pebbles in sandstone and overal l 
composition of framework cons t i tuen t s and heavy minerals 
of Pachmarhi and Denwa Formations suggest t h a t the 
sediments were largely derived from a mixed source of 
ac id , in termediate to basic p lu ton ic igneous rocks, and 
s e d i m e n t a r y , metasedimentary and metamorphic r o c k s . 
Embedded c l a s t s in the Bagra Format ion, namely red 
q u a r t z i t e , green phy l l i t e , red j a spe r , g ran i te , vein 
quar tz , green sandstone, agate, f e ldspa th ic gneisses and 
bas ic igneous rocks, and other cons t i t uen t s , together 
wi th heavy minera l s , p rov ide ev idence of mixed 
compos i t ion for provenance, compr i s ing ac id igneous 
(gran i te and pegmatite) , low to medium grade metamorphic 
rocks (gneiss and s la te) and p r e - e x i s t i n g metasedimentary 
(quar tz i t e ) and sedimentary rocks. 
7 . General ised facies models provide a basis for 
r e c o n s t r u c t i n g the broad d e p o s i t i o n a l environment of 
each formation as follows: 
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Pachxoarhl 
Pachmarhi Formation is comprised of multistorey 
sandstone bodies which are parallel to the depositing 
streams. It is evidently the product of longitudinal bars 
and locally diagonal/transverse bars of low sinuosity 
braided streams. The unimodal paleocurrent with high 
vector strength (75%) and lower current variability 
(S. D. 47%) suggest low sinuous sandy streams (braided) 
(Fig. 17), akin to Platte-type or broadly speaking 
Saskatchewan-type river model of Andrew Miall (1977, 
1985) . 
Denwa 
L i t h o f a c i e s assemblage of the Denwa Formation i s 
charac te r i sed by recurr ing f in ing upward sequence of 
c ros s -bedded channel sands tone in lower p a r t and 
mudstone and sha le in upper p a r t . The p a l e o c u r r e n t 
p a t t e r n shows fan-shaped unimodal d i s t r i b u t i o n with 
p r i n c i p a l mode directed towards northwest, north, and 
nor theas t , representing deposi t ion by meandering r i ve r 
system (Fig. 19). 
Bagra 
Following a break in sed imenta t ion a f t e r the 
d e p o s i t i o n of Middle t o Late T r i a s s i c Denwa, the 
over lying Bagra Formation cons i s t s of matrix-supported 
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conglomerate (Gms-facies), followed by c las t - suppor ted 
conglomerate (Gm-facies), pebbly coarse sandstone and 
f i n a l l y by mudstone and sha le in upper p a r t . The main 
c h a r a c t e r i s t i c s of Cms fac ies include poorly so r t ed , 
coarse conglomerate cons i s t i ng of pebbles, cobbles and 
b o u l d e r s , commonly subangu la r to a n g u l a r , s e t i n 
sandy/muddy ma t r i x . This f a c i e s p o s s i b l y r e p r e s e n t s 
viscous debris flows in proximal reaches of a l l u v i a l fan 
c lose to margins in the nor th . The associated . fac ies 
r e p r e s e n t s reworked g r a v e l s by f l u sh ing w a t e r s of 
a l l u v i a l fan. The r e s u l t a n t c las t -supported conglomerate 
(Cm) facies occupies medial par t of the out spreading 
fans towards south. The d i s t a l facies fur ther south i s 
charac ter i sed by pebbly, coarse to medium grained c r o s s -
bedded sandstone, with the overlying mudstone and sha le 
forming upper p a r t . The s i ze gradation from coarse to 
f ine e l a s t i c s through space and time evident ly follows 
t h e d i r e c t i o n of southwardly p a l e o c u r r e n t and 
paleoslope. These cha rac te r s suggest deposi t ion of Bagra 
Formation as an a l l u v i a l fan-braided complex. 
8. At l eas t two major t e c t o n i c events s ignify the course 
of sedimentation of Mesozoic Gondwana rocks in the study 
a r e a . The occurrence of conglomerate , pebbly g r i t t y 
coa r se sandstone in t h e basa l p a r t of Pachmarhi 
Formation, as against the underlying fine e l a s t i c s of the 
Upper Permian B i j o r i Format ion, suggest the f i r s t 
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t e c t o n i c event h e r a l d i n g the onse t of Pachmarhi 
sedimentation, which continued uninterruptedly through 
Denwa. 
Following a break in sed imenta t ion a f t e r 
Middle t o Late T r i a s s i c (Denwa) , the second major 
t e c ton i c event i s manifested by deposit ion of Late 
J u r a s s i c - E a r l y Cretaceous Bagra conglomerate and 
sandstone-shale facies in down faul ted graben (? half 
graben) along the northern .margin of the basin. The 
polymict ic coarse c l a s t i c debr i s and sandy sediments 
were derived from upl i f ted highlands to the north and 
t r anspor ted southward. 
This t ec ton ic event r e s u l t i n g in the reversal of 
c r a ton ic slope may be r e l a t ed to fragmentation of Indian 
subcontinent from Antart ica in the Late Jurass ic /Ear ly 
Cretaceous time followed by doming and r i f t i n g p r io r to 
erupt ion of Deccan Trap. Indeed, Bagr^ sedimentation 
p r e c e d i n g the e rup t ion of Deccan Traps (Paleocene) , 
marks the termination of Gondwana sedimentation in t h i s 
pa r t of Peninsular India. 
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APPENDIX-1: MODAL ANALYSIS (IN PERCENT) OF PACHAMRHI, DENWA AND 
BAGRA SANDSTONES. 
6 2 . 2 1 
1 . 1 5 
1 1 . 1 5 
4 . 6 0 
8 5 . 7 5 
-
5 . 0 
1 . 3 5 
7 9 . 7 2 
-
5 . 4 0 
0 . 5 4 
MINERAL COMPOSITION SAMPLE NUMBERS 
1 2 3 
PACHMARHI SANDSTONE 
QUARTZ 
Common Quartz 73 . 96 
Vein Quartz 
Recrystallize Meta.Quartz 7.39 
Stretched Meta. Quartz 5.19 
FELDSPAR 
Orthoclase 
Microcline 0.59 1.15 
Plagioclase 0.59 2.07 
MICA 
Muscovite 1.47 3.40 - 1.30 
Biotite 1.47 3.40 - 0.27 
LITHIC FRAGMENTS 
Chert, Phyllite, 
Quartzite, Slate, 2.80 1.15 - 0.54 
Schist, Shale, Siltstone. 
CEMENT 
Iron Oxide 4.81 
Carbonate 
Authigenic Quartz 
MATRIX 
Orthomatrix 1.00 2.00 2.25 4.05 
Protomatrix - - - -
Pseudomatrix - - - -
4 . 0 0 
3 . 0 0 
-
2 . 5 0 
-
3 . 7 5 
6 . 1 0 
2 . 0 0 
-
MINERAL COMPOSITION SAMPLE NUMBERS 
6 7 8 
QUARTZ 
79.16 Common Quartz 
Vein Quartz 
Recrystallize Meta.Quartz 5.50 
Stretched Meta. Quartz 9.70 
1.08 
-
1 .35 
5 . 4 0 
7 8 . 7 1 
2 . 9 1 
0 .87 
5 .83 
7 8 . 7 1 
1.57 
1.57 
5.04 
76 .54 
6 . 5 1 
-
8.14 
FELDSPAR 
Orthoclase 
Microcline 
Plagioclase 
1.38 
MICA 
Muscovite 
Biotite 
0.94 
0.94 
0.65 
LITHIC FRAGMENTS 
Chert, Phyllite, 
Quartzite, Slate, 
Schist, Shale, Siltstone 
1.45 
CEMENT 
Iron Oxide 
Carbonate 
Authigenic Quartz 
4.16 12.16 10.20 
MATRIX 
Orthomatrix 
Protomatrix 
Pseudomatrix 
9.46 8.14 
6 9 . 6 1 
5 . 5 2 
2 . 7 6 
1 . 3 8 
8 6 . 6 6 
-
0 . 4 5 
1 . 1 4 
7 4 . 4 4 
-
4 . 9 6 
2 . 4 8 
8 0 . 3 4 
1 .98 
2 . 8 4 
-
MINERAL COMPOSITION SAMPLE NUMBERS 
10 11 12 13 14 
QUARTZ " ~~ 
Common Quartz 84.72 
Vein Quartz 0,55 
Recrystallize Meta.Quartz 1.60 
Stretched Meta. Quartz 1.94 
FELDSPAR 
Orthoclase 
Microcline 
Plagioclase 
MICA 
Muscovite - - 1.14 
Biotite - 1.38 
LITHIC FRAGMENTS 
Chert, Phyllite, 
Quartzite, Slate, 1.38 - - - 4.88 
Schist, Shale, Siltstone. 
CEMENT 
Iron Oxide - 11.04 8.37 13.64 9.94 
Carbonate - _ _ _ _ 
Authigenic Quartz 5.55 
MATRIX 
Orthomatrix 4.16 8.28 2.19 4.46 
Protomatrix - _ _ _ 
Pseudomatrix - _ _ _ 
MINERAL COMPOSITION 
15 
SAMPLE NUMBERS 
16 17 18 19 
QUARTZ 
Common Quartz 
Vein Quartz 
Recrystallize Meta.Quartz 7.51 
Stretched Meta. Quartz 
78.94 88.23 
1.83 
84.54 
1.81 
80.10 79.00 
5.05 
1.00 
5.10 
8.00 
FELDSPAR 
Orthoclase 
Microcline 
Plagioclase 1.87 
1.50 1.20 
MICA 
Muscovite 
Biotite 
0.37 0.73 
LITHIC FRAGMENTS 
Chert, Phyllite, 
Quartzite, Slate, 
Schist, Shale, Siltstone 
1.51 2.0 2.10 
CEMENT 
Iron Oxide 
Carbonate 
Authigenic Quartz 
9.39 7.35 7.57 
1.51 
8.05 4.50 
MATRIX 
Orthomatrix 
Protomatrix 
Pseudomatrix 
1.83 2.10 
MINERAL COMPOSITION SAMPLE NUMBERS 
20 21 22 23 24 
QUARTZ 
Common Quartz 72.90 65.00 80.00 78.00 81.00 
Vein Quartz - - 1.0 
Recrystallize Meta.Quartz 8.00 10.52 4.20 4.95 1.50 
Stretched Meta. Quartz 4.19 5.00 2.20 8.90 5.10 
FELDSPAR 
Orthoclase - - - -
Microcline 2.00 3.50 - 2.00 
Plagioclase - - - -
MICA 
Muscovite 1.20 
Biotite 2.00 3.00 1.50 
LITHIC FRAGMENTS 
Chert, Phyllite, 
Quartzite, Slate, 1.50 2.50 3.0 1.75 
Schist, Shale, Siltstone. 
CEMENT 
Iron Oxide 5.20 7.15 5.05 4.30 10.00 
Carbonate - - - - -
Authigenic Quartz - - 1.50 
MATRIX 
Orthomatrix 2.90 3.20 1.45 - 2.30 
Protomatrix - _ _ _ _ 
Pseudomatrix - _ _ _ _ 
7 5 . 0 0 
2 . 0 0 
1 . 5 2 
8 0 . 1 0 
1 . 5 0 
2 . 0 0 
7 6 . 5 0 
5 . 4 0 
-
6 9 . 0 0 
6 . 0 
3 . 0 
MINERAL COMPOSITION SAMPLE NUMBERS 
25 26 27 28 29 
QUARTZ 
Common Quartz 78.00 
Vein Quartz 3.00 
Recrystallize Meta.Quartz 1.00 
Stretched Meta. Quartz 5.10 6.10 5.65 8.10 2.10 
FELDSPAR 
Orthoclase - -
Microcline - -
Plagioclase - -
MICA 
Muscovite - - 1.0 
Biotite - - 2.0 
LITHIC FRAGMENTS 
Chert, Phyllite, 
Quartzite, Slate, 2.00 1.50 3.0 2.0 1.50 
Schist, Shale, Siltstone. 
CEMENT 
Iron Oxide 9.10 10.00 4.10 7.00 8.00 
Carbonate _ _ _ _ _ 
Authigenic Quartz 
MATRIX 
Orthomatrix 1.70 4.3 0.50 1.0 10.0 
Protomatrix - _ _ _ _ 
Pseudomatrix - _ _ _ _ 
MINERAL COMPOSITION SAMPLE NUMBERS 
30 
QUARTZ 
Common Quartz 85.00 
Vein Quartz 
Recrystallize Meta.Quartz 
Stretched Meta. Quartz 2.50 
FELDSPAR 
Orthoclase 
Microcline 2.10 
Plagioclase 
MICA 
Muscovite 2.10 
Biotite 
LITHIC FRAGMENTS 
Chert, Phyllite, 
Quartzite, Slate, 1.67 
Schist, Shale, Siltstone. 
CEMENT 
Iron Oxide 6.50 
Carbonate 
Authigenic Quartz 
MATRIX 
Orthomatrix 
Protomatrix 
Pseudomatrix 
MINERAL COMPOSITION SAMPLE NUMBERS 
31 32 33 34 35 
QUARTZ DENWA SANDSTONES 
Common Quartz 83.33 88.05 72.82 84.21 85.71 
Vein Quartz - - _ _ _ 
Recrystallize Meta.Quartz 4.16 - 1.40 2.63 2.85 
Stretched Meta. Quartz 2.08 -
FELDSPAR 
Orthoclase - - _ _ _ 
Microcline 2.08 2.98 - - 3.0 
Plagioclase - - _ _ _ 
MICA 
Muscovite - - 0.56 
Biotite - -
LITHIC FRAGMENTS 
Chert, Phyllite, 
Quartzite, Slate, 
Schist, Shale, Siltstone, 
CEMENT 
Iron Oxide - 7.46 25.21 13.15 8.40 
Carbonate 2.08 
Authigenic Quartz 
MATRIX 
Orthomatrix 6.25 1.4 9 
Protomatrix 
Pseudomatrix 
MINERAL COMPOSITION SAMPLE NUMBERS 
36 37 38 39 40 
OUARTZ DENWA SANDSTONES 
Common Quartz 75.29 85.52 78.40 81.48 83.20 
Vein Quartz - - _ _ _ 
Recrystallize Meta.Quartz 2.35 1.31 1.13 - 2.00 
Stretched Meta. Quartz 2.35 - 1.13 
FELDSPAR 
Orthoclase - - _ _ . 
Microcline - 2.0 1.0 7.40 
Plagioclase - - _ _ . 
MICA 
Muscovite 
Biotite 
LITHIC FRAGMENTS 
Chert, Phyllite, 
Quartzite, Slate, 
Schist, Shale, Siltstone, 
CEMENT 
Iron Oxide 18.17 11.00 11.50 11.11 10.00 
Carbonate - - _ _ 
Authigenic Quartz 
MATRIX 
Orthomatrix 1.17 - 6.81 
Protomatrix _ _ _ 
Pseudomatrix _ _ _ 
MINERAL COMPOSITION 
41 
SAMPLE NUMBERS 
42 43 44 45 
QUARTZ 
Common Quartz 
Vein Quartz 
Recrystallize Meta.Quartz 2.3 9 2.40 
Stretched Meta. Quartz 3.58 2.40 
BAGRA SANDSTONES 
69.37 64.28 65.75 71.48 68.14 
4.10 0.90 
FELDSPAR 
Orthoclase 
Microcline 
Plagioclase 
0.23 
0.71 
0.71 
3.60 
3.60 
1.36 7.40 
MICA 
Muscovite 
Biotite 
4.81 
LITHIC FRAGMENTS 
Chert, Phyllite, 
Quartzite, Slate, 2.87 
Schist, Shale, Siltstone. 
4.10 7.16 
CEMENT 
Iron Oxide 
Carbonate 
Authigenic Quartz 
2.93 3.61 9.43 4.11 6.75 
MATRIX 
Orthomatrix 
Protomatrix 
Pseudomatrix 
15 .00 15.22 1 5 . 2 1 1 7 . 0 0 16 .65 
MINERAL COMPOSITION SAMPLE NUMBERS 
46 47 48 49 50 
QUARTZ 
Common Quartz 38.46 47.84 42.06 54.25 42.69 
Vein Quartz 3.20 - 0.79 
Recrystallize Meta.Quartz 9.61 3.58 5.55 1.48 3.37 
Stretched Meta. Quartz 8.54 2.63 1.58 
FELDSPAR 
Orthoclase - 1.19 - 1.06 
Microcline - 14.35 - 17.44 
Plagioclase - 4.30 - 1.06 
MICA 
M u s c o v i t e 0 . 8 5 1 3 . 1 5 0 . 7 9 3 . 8 2 
B i o t i t e 1 . 0 6 - 0 . 7 9 2 . 1 2 
LITHIC FRAGMENTS 
C h e r t , P h y l l i t e , 
Q u a r t z i t e , S l a t e , 2 4 . 3 5 4 . 5 4 2 6 . 9 8 1 . 0 6 3 1 . 4 6 
S c h i s t , S h a l e , S i l t s t o n e . 
CEMENT 
Iron Oxide 13.88 8.37 19.04 - 17.97 
Carbonate - - _ _ _ 
Authigenic Quartz 
MATRIX 
Orthomatrix - -
Protomatrix - - 2.38 12.76 
Pseudomatrix - -
MINERAL COMPOSITION SAMPLE NUMBERS 
51 52 53 54 55 
QUARTZ 
Common Quartz 52.84 33.82 43.04 44.23 71.87 
Vein Quartz - 12.68 
Recrystallize Meta.Quartz 2.71 4.65 - - 9.37 
Stretched Meta. Quartz 4.06 4.86 6.60 7.50 
FELDSPAR 
Orthoclase 
Microcline 
Plagioclase 
MICA 
Muscovite 2.16 - - - 1.56 
Biotite 1.62 -
LITHIC FRAGMENTS 
Chert, Phyllite, 
Quartzite, Slate, 14.90 26.84 50.33 28.15 3.12 
Schist, Shale, Siltstone. 
CEMENT 
Iron Oxide 21.68 9.51 4.96 1.34 7.81 
Carbonate - 1.26 - 16.08 
Authigenic Quartz _ _ _ _ _ 
MATRIX 
Orthomatrix - - _ _ _ 
Protomatrix - 6.35 - - 6.25 
Pseudomatrix - - _ _ _ 
MINERAL COMPOSITION SAMPLE NUMBERS 
56 57 58 59 60 
QUARTZ 
Common Quartz 70.00 65.00 70.00 48.50 54.00 
Vein Quartz - - _ _ _ 
Recrystallize Meta.Quartz 2.15 - - 4.00 2.00 
Stretched Meta. Quartz 3.00 5.10 2.0 3.40 4.00 
FELDSPAR 
Orthoclase - - _ _ _ 
Microcline 2.90 2.00 6.10 6.15 6.00 
Plagioclase - - - 5.0 
MICA 
M u s c o v i t e - - - 9 . 0 0 1 . 5 6 
B i o t i t e - - - 2 . 9 0 5 . 0 0 
LITHIC FRAGMENTS 
C h e r t , P h y l l i t e , 
Q u a r t z i t e , S l a t e , 7 . 9 0 5 . 1 0 2 . 5 0 4 . 9 0 9 . 1 0 
S c h i s t , S h a l e , S i l t s t o n e . 
CEMENT 
Iron Oxide 5.1 10.10 9.10 8.00 11.00 
Carbonate - - - - -
Authigenic Quartz _ _ _ _ _ 
MATRIX 
Orthomatrix - - _ _ _ 
Protomatrix 8.90 12.60 10.30 8.15 8.90 
Pseudomatrix - - _ _ _ 
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